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A La-la all jJc. JjVI «-j^l jl a jII j»jlt ^ o j£i« 



i uUja3! <Laiia 

hi&tl\ 

o AjijjLi »iu 

% AjIaji-sJI <ji! ja.Vt j Oj^t Stuu 

1 L)J^' SLuu AjjJaj 

^ * <^j oj£jjI y c St a * dl l *^ >I^* 

^ ^ u^ 4j) pta uatja,jjjla 

U V -«f'» ,-"•- 

^ o l^etjjjj AjJlAj^it tjbuiJl 

U ^Lait uiSjfll 

^ A (jij*J! JajJaio Jj^t Jaj^a^ 

^ ^ ilAJaja - ti »Lm Q^tji - 

^ AajLJM 

yy (PH)^»jj-i^t^i- Y 

Yi »UaJt ^ Qjaa^Sft - V 

to ^jUjt JMuail- t 

Y V jl^^' ^^ LXi^J <>UAuJt Ajuil- 

YI SjjaJt AajJ~ 

n AjjLjit -v 

n (f 0g ) ^Uait 

?* (Hurricanes) j^teSft 

rr AjjaJt ^tjUiitj g;t>>Srtj -laJt 

fr ... (tides) ^ 

f * (marine waves) ^jj^Jt glj^Sft 

ft (Tsunamis) ir^J^ gJj^ 

f V (marine currents) 4-jjaJt ^t j^ 1 

YM Aou.tjit CJtjbai 

i ^uLLJJ) cJljUUl 

i ^ ^ «<*■■% -t) aU^i) ptjai ajAjjj 

* ^ (the intertidal zone) ^ AikL> 

* ^ (the supratidal zone) ^ cr^ 1 AikLa 

* \ (the subtidal zone) J^ 6^ ^iJaia 

ft ( the pelagic zone) r [jfi^ j^ 4&ia 

i Y (nearitic zone) ^gjM &kLait 

i Y (oceanic zone) AJaja-ait 4&aiaJt 

t* (benthic zone) V^t AikLait 

*f (marine environment) 4jjaJ) t^l-uJ 

*f (sand beach environment) ^>jfl »<^at>uJt 4iu - ^ 

* e (Rocky coast) VA^I Ja.t>Jt h# . Y 

tV (the estuary environment) jlfr&t ^U«*a h# .T 

*V (salt marsh community) 4aJUit cjUiJl^ait Aiu . $ 

tA (mudflat)^'u^>- fl 

£ ^ uijj^iaJt CJlg j aa a -1 

fl • _ _ _ AjjIaj^I (—ibuiJl Ajjj -v 



ll La-la all Jc JjVI «• j^JI jl a jII j»jlt ^ o j£i« 



JjJ&l J j^Jj 4*?J*M iiiJb l,g,g;l,7M s.^ J* Oujjuifl ££ji, ^ &>J OJ5 J ->*J (.5*-^ ^L&l 
J ^2-J^f J j 122*1 ^SjS3 j* fU>i (^j*J J J15" c5JlJI Ji-JI ojj>j ^UjJbO^I kllb oi*j Ujj* ^JSJj 

^fj J-ju V Lo >juJI j-« ( -iUa*lj ^-ojjSj 0* jl> ^ ^jjj (A«j5 ,rfj* fJLw ( JLLtfuj OjjJI £>J Lw M*>1£j 

^^JLftl jJl9 JJ-^J 4-J »jJl JJj-$ J** IJA U^J j*-^' I'M ?&M J* O^JWJ u*>jlj J* jlj <Gl OJAjicI 

j»Jlc jjftj *Jt«JI I Jla o« «-)j"^I *>>Ji jio ^ owjjii *jIjI 'if j iJilM jl ouaiO JjjWI tJUula J ojuJI 
. £Jj+a§ Uji ^Lc^Ij^j l_^>JJ "if j Sj^saII (>j *jAJ (jJJ 8jj*' »- >t25JI IJA J Ua> ^ti *UjJI ai^oj j->^l 

0**> J^>l / kJLJJll 

arabic_marine_ science@yahoo.com i^^jvi^ji 



Oliaia-all Jc JjVl «-_>?^ jl a jll j»jlt ,j S j£i« 



4_^oli>.a I— 5'-' Jj— >jil JjLj-JI f a— 'aV l. 6 -'Jrlj_w 4_*.u.ba V I— g— < La<-x3 (JS—'I'i iS Loa V 4_u ? -^>^aJl (j^ila.* 2 1 Cjj 4X1 i_ SLp J)9 
J L >2u-*J ^l OjUlSISJI ^a loa ? <Ufl (jS-"«J ,jJI OjUjISJI ^ic (j^ljidl ol» jJjLj Lj ? 4_uLojSJIj ( 4_ubja«JI) 4-ututk!l 

. ? (Jj-*^' fljj^l *-oj oojuJI 
LoljJ (jl_^ IjJ 4_CaJXoj 4jl*^_jlo illw^l ol» (jl oJ^»"}[ JJ dlUJj jL>^l' pjJ-* ^ V^- 1 (C^' ilju-»*ifl aJ»\ (jj rJj-« I A* 

u^ij-iji j >^j->jj (jjjij (0C63 noQrsphy) ojLLj^ji j* jl lsIj^jji^i u» o**-^ o^oi* ^i jL>ji <>jic ^,-^< 

<L>y>uJI «-L>-*il ale a^J «L>oJI f>jl* ij-o (p^' (JjJI Li t. 4jLa««<jj 4*jjJa a ixi^jj I £li Ljj-ajijjj-j oLjJJ 4jAjjilaJla 4jjLj_$£JI 

us uj ^^jJij c^j^ 1 ^^^ l«3 2_ej^oJi pijsSi ^juu^ 3 v^j^ j ^>*> (ijji pi*Ji >»j (M ari ne B iology) 

ajLJLi (jA*jJI L^J>_*jj i-jj>JI ojLjISJI (jjj 4i!>Ull dllJij 4ill>JI ojLIuJI j ^A**^ 4_»j>JI ojLjjLSJI cjIj_^>J ( J^ j5jj 

<Lz»3 (C^ 3 t^jUaj^jJIa jL>oJI (jj (jl~o"il SjUlwl (_5Jjj ^.fljiua 4_daj^jJ I ( ji>la r >-2la (J&SJI SLSaJ ijjj iLoLSJlo 4»za3 4_>j^oJI 

. <L>ljjJI <jj l.g-'.;.— -^Uj -J y— o I-Xjj-j 4Jj oja 

Aai-jjUJ S.UJ 

J-AJ (ji Jj*il »Jj5 ilo jbfcoJI <_ ij£ JJLla ji-i ^JJ (jLSLo (jj JL>-jjJIj JJLiLI »A> J L<j Ojliaj^jJIa jL>oJla .Jj^il ja»^u«JI jjj 
J^-li~<JI [C-I-C dil J-S^ j-S-joj Oj_jLS^ <LojJa1I OjIjjjCLulII (ji Lo^ jjJI J!>L>- L^J2j (Jj j.;.>5-i (j^ai-J j-*jJI i3^>^ L>* i s -^-*j'-^v 

. 1-g— i.o i—ijAJU a I 4_)«.>uJI 

JaS r * * * pic (jJ'j^* - Cjj«ju« JA3 Aj£'\yi> *CuA~> Jai Lolt (_iL)jL><jJL SjjjLaJI i_ijli«JI al olaJa^l 0J-» (JJ !>l^ jj~u OjjLSa 
jji-jJI SJ-J& j—; 4a j_ Pa jxi*~o— 1 1 lj5 vL I jjj ^jSI Jjujj L^_>l L&S f v— 'I h*~^> Cj-iLS , —$3 IjJ ^-U JI a itu v>— a ClulSa J^Lul 
Oj_jL5j iL>^<_ll 4_)j^oJI Oj!>L>jJI Jji UU SjL>ol1J i*jj~> UjJa OjLkj^voJIj jL>oJI CL>ULyp|j SjLso ^Ull -tOu^I 4j£|jA1I 

V* * i»l— c (J-as Sj_ ^0 (j^>-!>L« (jjjajJoaJI (jLS^ jaLs j!>L>il JjJ T * * * pi* ic"?^ "^"l^j (0^' 6^9 Wj?~' /*^>°) 6^j^* ^ 
^^-Lc IjLojlcIj JLo-^JI j->oj LuLkjjj ^Jl "iLo-i ljj->^l j!>LJ.I JjJ \ <s « <>U. dl!i£j l$J5 Ul>jil J_p- Ij_^>jI jM*H J-^ 
JUU Sjjj> ibjji*- Jjj«j »li j3 ^j.o.j.IJp.i ^jLj^aJI LsljjbjJI JLc (jli |»^J!>L>j JM> (jjjajjoaJI Lg-w-'iSI ^lll SjjjiSIII 4ijj<il 
lj_c Lo j *il LJ5 Ljjjaj ojiiy; ijj^oJI ojliLSu^l (jli (jjLiL>JI «3.LsJI ^^c Jj 4jjUjjJI ijj^ljjj^l jIj^jI j^v '-»'• 

JiEJi Ljjl JijM l_aij-«>j jJa~>j jj^ jlli dljLaJjJIj Jjj~JIj 7~>jj-iil j 6^' ujAj'V. dv.- 1 -" fAj I* IKIIIQ] 4jiLjjJiL>'il JjjJI 
Oj_jL^ (ji-" 4^>L>JI p. 6 'J.O..... dilj ^ic (jjaAJJj£»«<'il 0£l~< jila LSjjjI Jlo<ia L>AJjii JLo-i (C^*" *J^*! ^M^-jJ '>*3*j IjJlS' 
fjyj] >— i a j at (JJ— > <LCyi ju hi—" OjJLSa JaaJjJI (jj L^_)ljj>»l ajaj« >^.'.»-*t..^' iSa jib pj V * — \ * (JJJ lo L^-Jjis TyJ^i j-.!- -'-" 
sLfil J^L_>- jL_>o2Lj 4- L >i— JJ j^^a^uJ 4_>Ja-«<j (jA~JI BJA 6^*^ •-^JjlS' Lo5^ ^Liv" 'JJA J-** (_>cl>w VY 4Ja~<laj (_4jjL>jJLja 



j J_}^ J_jji j_u 4_L)Jj (_c-^ lj-k** 5jj^»_S Sjj_3 Jj<jj J^Ll' ■**# ^ ' ' ' ?'-* -^ Di^S" 'j"}" 1 ?" Lf'i 'jJ-^J > 5 *^ J ^y J^V 
diijj a^UaJI j-^lC <L.Lp Jot ^jjj'il a^UaJI w»*J <-iyy. L oLjjulo j (jjj&J.liS~< 2l Jug-C .j-^jiJl Julia IjISJ ^3j«2jl J^-Ldl 

i_a,.,tf-5'-"..,.J I »L3 a \ t AA »Lc ( _4_ft3 SjLyjJJ Sjjjl> JjL cJLu^l 4-jIjjJI j L>^>j-s 6^ ti^-"j -V.-^ 0-° ^j-*^ 1 " oliL&S^I 
j Ul -JLJI »L>jJI ^Ijj jjo U j oji^c .JJIj LjAJji^f huy\>J\ 4il>JI Jj». jLvj)!L- (» \o « « — u«') jLo jJLvjJI 
Jaj_*jJI j L jji jl_>o'il t}-^ 3 6—* -'— '-s-U ■V.-J-?- ck>k 0-* 13>>Ij LjLwI &» jLvjib u-<jl« jJ «^ J y~*jS »li » ^ t^Y »L 
LSjjjL (j*il uijjv. L (J] J-^j 4jJLxio oj!>L>j diM5 Jj ^jjjLSJI j->oJI j LLL Sjjjj>o (j*il uiyy L j Jaxftj ^LJlL*il 

Lj_L>JI (j_o 1 l_>oiLj diuLS (j*— > »i— 3 A^ i ^V /»L-* «— ^ (1).!""' Vi.i'o OJ—C jj^jloaJO 7"-^-> (j-**-> 7"-$-> J SWJ^-?"'j _k>— j aJ I 

i &.■,•>>— fij;..,...l I L«i (j«jM_jj 4_j*i4 *^_t> vj^-^' ic'l J J Ltf^ SiX? 0-* <_P>LJI ^y. ?^3 3jJL««SJI IS->jjI Jj>Ij««> oLlSuLxa 

(jj IV> 1 ^ J ~ , jJ oij*il sift (ji wJjJj (_>ix>w Jal ij\S JaIj <LujJu>JI LSjjjI ,_L»L ^ic iaxft JaLs ^~<5ij-«<j3 jjfcojjl ^JLy il 

Jj»Ij— . 4_ullll 4_2L>, j ^iAJ^I »J 4_jlu!>LlL Sjl-ojJI ^yil ULUoj (iTIUd US nOVUS) UL, Ijj Lwl 

4_>-jj ij_jll «Li_jJ2l j LSjjjI 4— o.lS Ojijja <U^iJ ^Jl 4j~o LSjjjLj JjJj»JI JbJI OjIjU 4ju)~ j3 j {jjul>j»i\ Jajl>iJI ^oL/j 

(jjjlj t_i^L>JI j^o ti'jj L&J^ j^* jjLJIj jJjIj (jjjiLli ^JLw"il (_iiSJlLll »li » ^o^V <>Lc ^as ojliLui^'il (jj SjjJ->- 
Jj_>- j-*jy |>JLc Jjl jaj ^"-^j^ (JLc _^i ( ^ o Y \ — UA 1 ) (j > iL».L oJLLjjS JLII LI (JjLJI Ix>j>jJL jjo Lai Oj^ 

OjIjjl-w i^j!>Lj 4J_>- J I dii yiju«/ la ^jis^Jj Y^ < j (ji~< (j.'.o.»o LjLwl (jj r>* 6^-?"'- J-*^' P ^ a ^ f»l-£ (C*^ < ^ - 'J*^' S >5JI 
j J_j3 c1i_jj> p^Juo Ij^-lj (j!>L>-L (j£j Jj JaftS <_p>j ^A LvJjlo ^J-C'J 4»^oi>JI (jj 8Jl>Ij <llu!~< JaftS Ojjc>j ^OYY >U ( _-A9 
Oj_3jJI lj_j» (j_o ^JljJia (ji>j_ll j-JjJa ij-C jl ^1>-Ij Jjjj u!>li- ^>L«JI u^>J«J aJn-'vli j IjJjiS (jA~JI aJLL «Jp,».oJ (JjjJjLII jj-* 

. 4iJjii*JLI 4al>oJlj 4jj->oJI OjliLa^'il 

jJ-Jsb (j_C 4_>jJj«JI OjLj jJaillq l jJ>*yJu\ f—^'i s-LDI JaLvj Ljlj J^-l 4jl* /'^''V. (" l-g-;-'-^ La (_><ij*il jli- (jl U-;.o.'> ajj«j 
J_$ Jj~^_J (jJ Lift (j->jj tJ-L^JI ijl^ 4aLjuLI Oj*ilJ~uJI ^ic 4jL>")(I *jLu~o ^jJI 4jL*II ^-JjLvjJIj ijilliJI OjIjaLJI 
^Jl Vj^"^' UP' lT ^*" -^~ '>" U-!^ c (*-°-^' («*" ^jL>jJalll j51L», Lj5Jj 4jJsjj>^JI l ji>ljj>'ilj ^j^l SLAw 4aLaII OjbjJaill 

jj^ii S Liu AjjIaJ 
^L^ j_as 111 4jj_o£JI Sjlil J5 4^3 j5jjj cuj!5 jMac ajvj j(DIQ D9nC| ) JjL jLviJl v**jl>. ILL* (j_ajL Y« ^Jl_p- J-L 

»—'■>•„ J I (jj SjJJ^ <LCajj»^ !>L/jj i-jSiSJI lift >*AJl 4j«Ajjil SjL>JI <L>iJi JjLJI JajLaJU 4_>ojLJa <Gi>^JI JjJ«S ljL>- Ljj^ 
, -Loll ^JsJI »~>u 4Jjyul LLSO v><-0 l-a'-'-o CjI v>^o uO-o (jAkjJI 4^uu (jj 1— , yjjl >_'.'> m J I 3JJ5 (J^V 0L>j'l Jj j 4_u iSJ I 



ClUaia-all Jc JjVl «-j^l jl a jll j»jlt (j S j£i« 



jjj ciuiSi Ulijj^o (jl s-laLdl t*>jJ 't5r*l <Lul-a3 al~<j»-ia i_»51aSa pJ-^J OjJiS^ (_5j^-*il i_ls»~JI (jA*ja ^ 111 1 I K V W uy j 

d)Ll» (jSJi Ji IJJ jjj-lijJL bLjJJ xjJaJba jLzjjJLj ji>v*fiJJ ^-j-«<j 2 L^Jjl <i> Ijj»- 4_i. 6 -.';.l.o ojjL^ o >S5 (_>=>, j I ol 5u £ j (jl jj«j 

(jl 2l jLzjjJL ji>waJI (jAxjJ ^-Lo^JJ !>L»l9 (_>ij*il <Zj-)y> CliSjJI li* (jo 4J-«< ij*jJ-o * * ^Jlia* Jjy (jSJj j!^^!! ^ic SL^s- 
4_i.i....«_o qju u u* jJ I (jj (Jjj!>U (jjjll s -1>mI (JJ (3 >^jJ->o (jjSljjJlj u\ 2\Jl '—'.'If' '—'.;.•>■ I.g-ij.'v IjJLLjj v»-* uLSj (JJJ »J (_>i) jI 
4J_w (j J— .;■!■' V;* ^Jla— >■ J_io ja-frk.il j J a J I (_5j_>JI <_i!>lAjl dl!j5 '-Vj' *^~*)*' v.tJLU ^>Ja^JI JiL'I'i.l I j j.o.'i,.,,t.o jJJAJ 
J-ujjjtS' j (CO) (jj-jjilll Jj~^I Jjlj s-lil jLio (j_o ijj-SJu 6^ '-^-J-*- 0^1 uijj-*ll (Jj-*J tjM-iJJ IjjUj £,15 (J Hlj 

. (H CN ) (jjjj-jjjj^Ji jjuL^> »lji jUJij (N ) (jjjj-jjijuJij (H 25) (jjjj-jj ja^i i 

(j^j'il l —ls- jp.i— g-" Oj-JlS' 4jL>j£ 4jJ^j Ijlkol Lfcaiio olSISuJL Jj^I (Jj^»JI uiMiJI J Jjj>-jJII s-UI jL*J 5-JJ Sjlill ol» Jj«j 
4 j— >■ 4..^— 'i.o.0 jj^olJJ I a Ja 4_jl^J I a viiouu la is ijugJ I ,j Ijjj 4_>.1Cj IjUajla u->w< UiSLo 4_uL3 «_>auu3 4Jl3»L«< Jljj 2 OjJLj ,cjJI 
(j^Lal j 4j>Ja_«< ,4-L* 5-Lil JjtAju«<_jJ 4__x3L5 4_j>jdj <Uj>j*il Sj^iijjl (jj ^j>Ja-«JI 4 j->JI JjJ (jl ,JI o^j^l Sjlj-* 0-° s J j ^ 

jLioJI J~>jj 4_L>-L< oLw ,*^jL1; 4j*» ,JLc ''^'j*^' Sj^aII fL-ij j Jjj>jil «-UI oLufu j ,jJ>yi\ ojIjj dilJ5a ojLilJLio'il 
(CU lulll ^L*HI ^\3jj£ Jlo 4_ulil oLSjil ^A^ « .LuUI s-UI (jli JJiSj ^L~JI ^j iii.LJI sUlj (ji^LJI 

l_ylil OjL^jII BJ_A J_loj *UI Sj5li (CU S04) luLo MJI ^L>JJI OjLujJ^ ^1 JjJVjS L^iK-J jJlC ^Ij S04.5H 20) 

. 4-iJ via — J I oLil (JJJ^J j Ojjj»1~< LpJU 4_v^> , J I Ljijj«i3 j j.u51l I 
4jL>"ilj OjIjUJI dilJSj ic"^' LgJ-ST— '1% f Ss- OjLkjJ>jJI OJJI5 Jj* (jiij'il ~Ja-«> OJjjJJ =-111 jj-fla J-»V J-* JlJ—JI ,c*JiJ 6^J 
(j_5Ji J L^JLU (JJ-J> OjIjLaJI (jl ,j2>JL3\ vli-^> ^^Y »Lc j jl>3 JjjaII ^JU'il JU1I 4jjJaJ j OjJI5 Jlj~JI lift ^ic 
iaj-jxjj 4JaL>vo LLjoL OjjLS^ jllj (r 9I1Q969) LjLjoL l.g-"-;.o..,..-*i cu OJ^-lj SjU jl OJ^-lj ilj5 OjJI5 LoJlj (JL>JI l.g-"-^^ 

. ( \-\ ) ji-i j tijj us (panthass) l,h;l. ^»ic jili j^ jj>ij 
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THE EARTH 2SD MLLDN 'YEARS AGO 



mW 



f r"~""'\ 
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THE EARTH 1 5 5- MILLIC M VEARE A30 







THE EARTH 45 MLLDN YEARS AGO 



TT-EEAflTHATPREaEM 




Aurala 



Green l - ii>:l 



Caledonian 




Evidence of 
glacial Ion 



. 4_jj> jJ^jj>J I jyA*}\ yt A& OjIjUJI JL^uLJI Jj>Ijjj — 0O>-lj Ilj£ (jLS^ JbJl (ji ilji (Jajj ( ^— \) Jii^i 



jLkj^ll ^Jc JjVl * jaJ 



jl a ul j»_jlt ^ o j£i« 



(j^LkjiJ 4_jjjlai j-l><J Cj_jjIj (jA*jJl LfrJmj <j_C jUjtj'ila 4iajj«ll OjIjUJI Jl aLjJLJ'il J SjJaSJI SjUJI BJA Cjijj >^JJ^> 

3Jj slj ojL)jJL>JI J^Usjj (^LiLL^I 1x>j>jJI (C^L* <Ls>li-) (jjJjJaLjjill (jjjiL^I ,c^L>- (J* jy>^oi\ JSUlij cjIjIaJI i_iljj> 

. ijjisji jaSJi »jj> jii^ ou.ii ^ai 1 oj^sji tiyji ^ 43^*, p ^^* (continental drift ) oijUJi ^3 l^« 



€1 



"—"N ^V 



Otsani: Mid-ocean 





Age in mi llions of years 
4Q 3Q 20 2D 3D 40 




Vl-a its- 



Oceanic crust 



Continental crust 



~-L5aJI 4jub j Jjl>JI OjIjLjjJ 4_>uja SjL^gJI Jajt«s> 4_jAjSj — 4jUjl>JII (j^jll Ojliub (j^JJJ Y — ^ J-^i 

ij^ ^iiij (inner corel^ui vJ- 11 ^» a^ui avjii ^ull ,> ^^ u^i o^w 6' ( r-^ js-s j <jy L& 
£j« (juij (mantle) -.uyi p ^ tua i <<.... ii*. ^jjij (outer core)^^ ^ui l^l ^ u» i^..„ 

s-jJkJlj i_JJl Sjl k*» 4->\)J 6' •=-»^-> l&Sls <L)9Juo 4->-jJ * * * , — \ T * * (JJJ 4jjI v» 4->\)J r'j'j^* 5 T-^jJ' 4JiIai» ^ft L^J-jJij^j- 



jLki^ll ^ JjVl *>]l 



jl a ul »j^£- /ji S j£i« 



(lT)uC|mu] a jL^-yfl-ll -o..,.f— ~i 5 j tt-g—^i 1 1 jiiv-aJl (j_o <_pL~> (j— c ojW - * o=\> *l o^M jj-^-aJl yi-^-i *->-^ -^LwjJl ijj j-^^l 

4-£j»- (jl_3 Sj^JUl (j_o i_l_>ja1I ^j>jl_>JI *.l iajla i_dJI (jj c_jjjUI ^i>-ljJI ^IwaJI (jjj Bjljj>JI CjL>jJ j JjaU <LxjiJa 

4j_J>j jI Sj«iiAll -!£■ (JjLa iajL^ SjJaj ,JjIj~JI <J Sjly>JJ 4jL3Uu I ,Jj.>JI OjIjLuJ 4_>ujtj idjJ->o Lg-Axja SjL^aJI (jjj Sjjju. <j 
U^»..^ (jl aja (JjSIjjj uj iJ \ 4jJ->^o 4j»J>j jI S j^iuul p~*JJ? ^j PiJ^si OjIa&wj 4_u-_u) JaAS lyuo aJ^p £ * (j£ 1 g S o. ,t JjJj J .^J-H 
(jj^ljjJI BJAa jiilwJI dilli J^li- (IdVd) »ju>JI jJJaJiil (jJ^ljJ <L>oulo JiAwJI dilj j!>L>- 5 jL^uaJI xijjj i_ia~<J C>3& ^^ 

. (seismic activity) lj^u^i zl&% l ^ i^j\ Sj^hi j v i^l-si ^j^ ^i jj^ij 




4_a-.',0— .-^ a 



<L>^ 



ixw_3 JaA«J»_]| ljj» ~-lwaJI 4AjJa j Sji>jil SjL^aJI Ja*J> 4>^jjij 4_««J> ,2l yitil\ a..,.i.-> ^J CluiSJi LcaO-aa liaJLi (jl (j jl UiyC 
Jaj_*jJI 4_>uiL«s> ^_» ClujJI yoliLaJI BJJoa S<jjt«s> 4_>ujLs> j-^£ lc"' lS^L9*J ^^-** ->oLL^> Oj~j ^Jli* ^Jl 4_«-J>j2l Sj-^aII 

i-«j t Africa Plate i^.jH\ i^l^\ 3 t Eurasia Plate V-ij/ii i^oi^Jij t Pacific Plate ^^\ 
oL^Jij t South America Plate 5_u^*ji ls->jJ i^jl^> 3 t North America Plate LjJU&ji isl^I 
Iran i^sij^i i*^Jij c Arabia Plate s^ji o^Jij t Australia-India Plate oji*ii_ SJijX-^i 

Ba_L*3 lg^i_*ja 4—JaL^j 4->-jj_.^ ^.o..,.t— " ^_ gj Ijj Ja&3 OjUsj^jJI Lsal*j qoULoJI ol& (jA*j (jl ^>->-"^G laS^ k ^-4->- -T late 
Oj-iJiU 4_)j3waJI iljj>^l BJJ» aiiaj c!l^>- ^Jajj>vo j-*U tij^ t j-> - BjJjy. W-^VJ ■' a * 3 ^J^' •7oU-«Jb ^o«* u IJJ JaAS OjIjIaJI 

BJ_ft dJj-J>oj dj^>- CjLkjJXjJlj OjIjLUI UjL«J 4jjU 4jjA>- < 9 1 ji» I Cjjl5 jj L5 jjjll ^-LijJJ iljLJl ilikll 1& 4j^>j^I 

(j_o a-J-io i CjLS v->jJI BAA -7-J'U (jlj 4jjU 4j-^>, il s yiiJI (j Ji (jA^jJl L^J>ju ija i->3jLo al I.^..A*j q£ BJajulo Lol ^--ilj.-^J I 
4_Sjj>JJ 4_>.jj_i 4_luLi l.g-'i.u kOliL_J,l Jiij" al L^-Axj (jji Jjuuli (j\ al (jAkjJI L^Juu (jj *+i\fUaj\ <—>JJisu (jl Lol Oj jL>. tijvU' 
(j_o 4_*3jjj 6 > I. g—^>— 1 1 Jjt^ali (jA*j (j£ Lg-aOJtJ -uIa^iJ I JuOijI JJj«J (jAxjJI z^~oju bL>oI (j>«5Lc (J (jLSj.>oL< (j.;.'i.->-.;,ft.^i.l <L>A3^!l 



jLkj^ll ^ JjVl ^JhJI 



jl a a »j^£- (_ji o j£i« 



4_Ji£Lo Ojl.fr. ,^-11 *_iLijjJ lj— >■ (Jji Lfrtflijjl hXJ> (j»5L< Ji3a <L>»J>j'il '0j»Sa!I (jj JjA>- *}->■ 4J»5Lo .iLsuj (ffjJU ^-Li Jl 4Ajia 
(Jj-j jLdjj'il JjJa (C-l* (jljL » jj— >■ J-J-o i-jjLSjj jj^j- 4Jj5Lo s-UI .^Jaw Jl JLj->JI &i» J-^> J^J 4 UI pbu*> CLt>o JLl> 
Lo.i.u al_*Jl j a~> ^ Jjjwj ,*~<JJ ^JaJjJa'il Jajj>jJl (jli Jsu^-jJl fli (jj JjJ^Jl *j->Jl li* ^iLi"*! 4j>ulja <ukjj><jJl j^jli-^Jl 

LSoyol <L>-.;i..^_i L^oloix^slj ^_ij_aJI i_ >J (^jI frJl ix>_>^Jl 4_>»_ii_^> 4_5y>J «tf>».Cu JjjUl (j^aIj (_5 jL^J I Jsu^jJl pI_0"I JJL> 

ir _$j IU 4J13£ j35^ll ^ 4_d*jj*dl ,-ljJ"i!l ^f Lojj ji*-^! ~«JJl &£■ -lyil J^-l f-Ujjl »jLsuJI lift £>C ~ai» Ojjj> 4-JLwJI 

U^l ..jj^l Lf *~<-3 4— jIaC j (JjUJl t-J-UI Oj_>o -JajjxjJl ~j_ Ul k.'— fc! ^ij-JJ> 4_>jUJl -rljJ^I I_Aj1*jj Ji ^^ ki— fr" 

iwtjJIj Ojl_y>JI JjiAj 9-i^Ja LfrjU ^LwjJI iakio ^1 ( ^k«^JI ~jJJI iaJa (> s-j^JI li» is^Jufl i>ujja (SUbdUCtlOIl) 

0J_» j^ i>\ (j_ tj ^irCIlCllCSJ 4_jy>uJI ,jjLJL>Jb <_3 y*j ,_pU» ?■ IsS Lfrilja 4JLL»<j ^.LwaJI Jjltw (jj S yfr^alo Sjlo r*j*aji 

(j_o vu_5Jl jj~<_Aj CjlcUsjL^I 4_u aj£jj I ■yol.ft.^pjl 4_jJaJ (jlj (_Jjj laSa t a ^«^OA 4JL&£ AljJ l5-sJU '^Wj'- (i- 3 -^ jjliiJl 
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<Lui*a!l OjL>-iII al.X>u~>lj JjlfcC^I i=uly>- (JJJJ t~\ J^£ 



jLki^ll ^Jc JjVl *>]l 



'i ^ 



jl a ul »j^£- ^ o^>£a« 



ijj^l iljUil J jj"il ll» (_vsui>Jj ijiLojj pUll iL&jj iiuSj Jsulji*- »~>j ijiLoj jL/il^l jU>>J bjjjJJ <L>jil 
(Y -f (*±>) bLIj LUj cjJjJI)X (6/|.) U«i = ((.) (3**JI 

^_Lft Jsj^jJI f-LHJ iajly>JI 1a x-^y> CjUsj^jJIj >L>oJI yixi ClulS^ ^jJI (j->^wJI (JjLj OjjIS i^JJ->- t — ^ J^«£ j iSji US^ 
C i " ' 1 a J •>- » 1 1 Cj LAJL>-J*ja OjUajjj ,J5J 4jjLj OJ^Ij 4j3_>j_>- s-uijl ^joJu iajly>Jl OJA ,_p Cjjw^j- iiiJ->- OjIi1~< S.XC (_JJj 

jJlj 5-Lil ~k_w _Lc ojLj>L1>J^I j ojUUjj'il J i^li^jL> > il iwljjj »j23 4~s>l»- ojIjIjIj j US "ill ol» l Js- ?^>y_ ^P" 

j^a all plS (Jbua 



Continental 
shelf 
Continent \ Continental 
\ slope 



Continent 



Deep ocean Mid-ocean Continental 

floor ridge slope 

Searriount Deep ocean J 

?' ___ floor j ^U 




United 
States 



Mid-Atlanlic 
Bermuda (Sea level) Rd 9 e 



Horizontal scale: 2.5 cm = approx. 135" km 
Vertical scale: GreaUy exaggerated 



J=UJ>v«Jl plS JUo £>JJJ o— ^ J^-i 



ATica 




ojuj-j, jij^i Siku u>jj (continental shelf) ^lai j^jl i^ ^ijL^^ji pis ^jUu o-^ jsl5 j ^ uis 
0-0 6>^ j**~" ^Loji (ijUii jij_^j"ii 4ikio ei^oio j £L 3 (continental slope ) jjiai jij^i 5ili« ^ 
(continental rise) cSjUsji *i3jii_j je*-^ 4_*ajjj l5j->i ^alio u>ll^l ij^sio jo^hi <&ku ^ ijjakii cjIjU^j^i 
(sea 4_.^ji ju>ji ls _a j J>f yu (byssal plain) i=^*ji pus ju** ij_u ^uji jij^^i &lu ,^3 ^i jjvj 

JL^>JI ola ,_Usl; jSj ijJlSjJI ik^Jal jLlio j ooj"5ll (jlsL (jj pj^JI pl«3jl i^oij (jij5uu 4^j1^jj JU>- j-aj ITIOU PI t j 



jLki^ll ^ JjVl ^JhJI 



U 



jl a ul j»_jlt (-i S j£i« 




Island arc of 
volcanoes 



Magma 



Ocean trench 

Sea level 




4_wi&]| 4_ul£jjJI jj->JI SLU 4-£AJ$ (JJJJ "\ — \ J^w 
( JaAS 4jiw A* * * * JJj CluiSJi) IjJlC jjt^s^l (-^9 L-»-aJaj^»- 4ia«2J OjJIjLo 4_uy«JI 4_g_>JI j 4_^wjjJI Bujjfcjl OjJIj to i^JJ^- 
jjj—^j <\_>Jl (j— » L~<i3 4_)i5Lo I— g.».;.o. , > Ji.'i.o." ,ffjJU ( M-w ij^jJj 1 — £ J-« CjJiSj) I jaC aJJ jI (_§)->' 2 1 jV* (jttfcVJ I l.o.*i.;.i 
(llOt 4l>-LwJI 4_&lajlb ^.o..,.i.'i (jjJU U^J^ <UsuiJ 4aLJlo Jai 4jjij5jijl jtoIiL&JI iSj^> ,! l->^" 'iS^" jj^' °^* <->' J^-'W 

aJUw (j— ost IJ5L»a l5j-*' *j<i-^" 65^^ 4Jl>-L«JI ^Jaftill bja Jjai »oliLaJI i£>^- j Ij.o.u.t L i jj->Jl J->-l a^-" '— yy* SpOC ) 

4->jU)l -jlJLidl Jl>I JLJ 4-jk»^jJI ~jIa^»JI A>l hyi& i>ulj (j^Ju (S^'j (t TGn Cfl GS) 4j^»jJI JjlikJI LsuIIl^jJI p 13 

(j_oj (_5 >_>oJI ,jJ_1>JLj (_i >_*j j-u-S^ (ji>LL>JI os-ljj lilij Sjlg~s> ^Jl Jt>aj k±i^>- -»-lwaJI 4jU»lo ^Jl JajL^JI «j->JI Jj««ao 

_lc j-JJaJ k^J-J^- ■t'^J-f" 0-° 4-Jj^-"-l I jjliiJlj 4-JljJjJlj 4-ulSjdl iisAJ^b ijoio (JjLfll .Luj><jJ I t_iljJ> £)l j^JJLj JV.- 3 -^" 

Li—;! *I_aJI JLiw (j-oji LaLjII bj_a j Sjjlw.il pjLi-all 55y> v^-v (Tl PI Q OT T I TG) _jUJI i2JL> (JjL^JI t_il_p- 4ikio 

^ j-^uji j^ji jj_L ^ iLa, jl* JUL- 6^ ^* (mid-ocean ridges) ;uk^ i^yi jl^i y jl*ji 
(mid-Atlantic ridge) ^lul^i i-sk^i^i ju^i ou> jihi j^- ^.w^ji ^^^ j ^y&ui ^u^ji 

s-l LI ■r-lr— .. (j_C a \ « « (Jlj-* J^ JLuaJI BJ^J 4JL> (--a5l (j' l*£ i5J->-oJ I f-L3 Jji a V * V * (jJlj^- L^*li3jl -kw^lo iLu 

-jJIj JaJtlb ill is^ii UUl> (jj 'V^ , c* Sjj^Lrfjl ByJjJJ- (jl hi^' (J- 8 ? ^5^^ ,^l ,ffJJ U.IUNI ijLa«i /c" 3 ^' L>° -'-'■'-' , c*J 
(j_ft SjLjlC Mi (lITI Valley) J-iJI iS^V. L f«-^ L»j l.g..A^ ^>C 4_Jaj^fcj JawaJI JLl>JI aji OpLluj «-UI -tJ3~< (J J Ojj«ijjl 



jLki^ll jje, JjVl ^JhJI 



>r 



jl a ul j»_jlt (-i S j£i« 







, /) I Mindanao Trench 

\ Tonga 
f Trancfi 
C Australia \ 1 

\ \ 1 feriradec 

V"XJ f Trarrn 



(jjl^JI ix^JI J 4_>_y>oJI jjUiJI (^jjl) V— \ Ji^i 




^JajJJa^l ixwa JLx>- (JJJJ A - ^ J^i 



jLkj^ll ^Jc JjVl * jaJ 



^ £ 



jl a ±& ajlc. ^ "aj^'^ui 



(rift zone) ,#ji gi ^i fofcw ^i»> 

Sj-J'j'J I 3j«3JLJI (jl L*£ ix»_j><jJ I ?U ^Jj JjJ->- j~k-> 4JLJ>I iakio l$J2 s-LUJI Jji (jj Ijjj5 Lloi»l fJ^oJI 4ikio Odi»l 
(jjLxil (j_o J-jJjJL 4_jJjUI 4Ji»-L<Jl 4_>l>-ljJl Sj-^aII 4lklo ^Jl Ujj^ JajLfj s-Ul <jli 111 4JUal!l BJA J ljL> 4_mL<j ij^Sij 

ix>_*jJl s-L* ( 4 ?V\) (ji>-LJI *lll lla JjLL UjIc SjjIjJI (jjUllj ^-Mo^I *j <J-£^ i^jlj 4 Ul lla Jj<~=y. ^jj->- Sj^-alll 

(jJ ^j; j (black smokers) j^Sii ^uoji l^ jik, o*» isjoii &* bj^lji diLu l^ ,_u>~, ^j j^ jjUi 
.(hydrothermal vents) u&.ui s ui ^Uoi 3*l« o^lji »ui l^i, -^ ^i ^ji uli, ,> silui 




Channel 



Barrier reef 




f' 



Lagoon 



Fringing reef 



itCl 



jj_*ji j (barrier reef ) 5_,>*l>ji v u~uij (fringing reef) ius_oi*Ji v uaji ^ i-pi^ii v i*aji ^-» 

ol ^«*ajjJl Jj>LdJ 4_)jlw (jj^j 5-JaLiJl (JJ 4-kj~"J 4il~<-o Jjy .J* *JU <U^ulgJl i_jUAllJt (HLOllS Tee! ) 4_uL>jll 
4_j>^jjHI bLjjJJ 4_j>Ij1I i_i_jL>JI Lo.'t.u iL>wi (_>Oj!>U 4j>ljil k—ibtwJI (jj i_iJL>JI i 1s- oLil &}£jj Lfj iajj>o ^jJI SjjjJjJI 
Oj,o.'i..,,f— 1 1 oLjII 4_Sj^- 4_>vjlj (ji>j!>U 4_>-liil i_jjL>Jl (jj fj~>' bLjjJJ <L>-lill i_jjl_>Jl j i_jl*^Jl ujuqt 4JUa£ oLil 4j (j»Sj 

Lol -jl)jL5JI j->oJl j, Ijjj Ji jV> Jj->- 4_»«ijL^Jl i_jI*^JI j^-Iijj a (jj^^'ilj s-IJjUI As- Js^.-vJ L (jL>- >jJJ ^j-«o <r"""j 

jj_>JI (j_ft ili^uLo 6j^-"3 5-^JaLwJI (jj a^ YO Jjo -Lft *Aj i^JJ^- 4jJJ>-L>JI k_ibtwJI (C-^3 oLxll ^J ijji iaJj ^iJI k_iLxwJI 
«_ Ly i±j_^>- LJIjjL~<I i-Jji f>yia*Jl ^jL>-jil j^-L>Jl tft aJbJl J 4jV>-L>JI i—jU^JI vf-^l (JJ jjJLxjj OjL>oAj L^j -!aJ->^ (ffjJl 
(jU jj_>JI Jj_L>- die 4_j| "il s-UI J7^Jaw 4JL> ^jl> 4jjj>L>JIj \jJjj>\-$}\ k_ibtwJI (jj !>1^ jjjj 1 "i^L »5 Y « « « k_iU^JI JjJa 

Jaj_*jJI pl_i j—i* (jLj>-jil (j_o 5j..,.f-51l I s-ljj>"ill si* ^w->oj jij ojljLuJIa jj-Ijj^II l.g.oJn.->J ji ciu^o s-UI (jsi ,^-ftjy L^jaS 

(jj_5Ji (jj-JI 4_«jL>jil jj->JI ij-» iftjjj>>j ^j (^iltOllSJ 4jjL>jII jj->JI ic —'-' ^h^j^ Cj W^y ti-W-"j (JjLfJI VJ^" 
. aS" H— \ Cjjj U pLo^l J j-jIjjj j3 ^yjJl (lagOOn) iL>vJ> S_^>o L^ j jlIo J j^-I_jjj SjSIj JiLi ^^ic 



jLki^ll ^ JjVl ^JhJI 



^ 



jl a ul »j^£- iA j£i« 
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Graph A: Earttvs 
total water budget 


Graph B: Volume of 
water in major oceans 





ojLL^>jJI j oLxJl I 4j~<j (jjjij \ * — \ J£-Z> 




uJ>yi\ -^kw ^Ac- oLil ojjj (jjjj \\ — \ JiLS 

(j-C SjLjlC ^A <L»AjjlII '/ Y^ j 5-Lo (^C SjLc Lja5^ 4j>L<j (jj '/ \M (jl J->u~< (j-JJa^l j JbJl ikjji»- Jl CjjJaJ dljl jJ 
(J J L_#J I J=u_*jJ I _» 4u~<_Uj OjLLjj>vo ,*-JjI <«-!! >^J 1— !a^-«J Lj SLo-«<_ll <L&iwkll <Lulll Jj^JI OjjUJI J-^>Aj iiiJJ> CjIjUJI 

^lo-ui-k-^jij (I ndian ocean) jovii^ij (atlantic ocean) j^^ h+>j\ 3 (pacific ocean ) 

4_ji£io 4_jU=uj>vo9 jl*ji jL*j (jj j^ jijjj djjj> jL>oJl lS j~<j cjjUji (j^j jjl«i <Luio »Ljj»-i diLiaa ^arctic ocean ) 

. 4_L^u-o 4jjLo 4jjj 
s-Lil Lfl-jfl ,j-<_o^L; JiJl ikSIll ^ftj [SBB \Q\IQ\j s-Ul jrJa--> i-J^io J±>3 Lo ^J» Cjlkjj>jJlj jL>oJl J 0Jjj>jil oldl 4jj5 
(JJji>Jl j~sjt}\ <L>lfJ J li~« (_«Jl ^ Y iloi 4jj>jJ^jj>JI jj^axJl y> 1& k_j^ail lift jjAj JJjJj (St T9 PI Q M PI Gj «• JsLill hJ> 

JaiL<_j 3j_jIjjj lj_> IjjLj u^>J^\ j-j> (jLS^ SjIiJI ol» J!>L>j » ^ « « (Jlj-* 6^' ' l ^ c j* L" J^' j-*^ 1 " ^Js-w k_>j~«io (jl£ 

si* (jj vJJtJ < *^" CjjIJ (_5JjJ->JI wsudl s-LsuiJl Jjyj (_><ij jl (ffJ-oS j ^jlj .Jl L^J aj>-3 Bull (jj 5oj5 4-J-&J .Xo->- Loj 7">"^' 
>_>oJI s-l—o (j J 5 »l— C i Ji lj-> -eu— o J-X*^-> «ij* v> v>-aJI OU-o yujj ulj It . J L>J I ly„,D Jl sLul yi»a4 ClmSl « ->- aJjJ I 

tib_jj> (solute) k_jinb 4i>ijj ^iii ^!>Lo"^i ic *■■>»■" j (solvent) ^jjiil ^j j^i m jijj sj^ ^ 6^-° o '-* jy->^» 



jLki^ll ^c JjVl ^JhJI 



n 



jl a ul j»_jlt (-i S j£i« 



J— >oj s-Lil J jrMo'il oift L-fjjj i_iu£ (j*^' "Uaij 7-J^- ( -5-^' J'J~"J'j <Lol> i_yolji»- 4j "^jl><j i_j|jilj vv.-^' 6* ^-^ Oj^V. 

i_>_jL>Jl (j_o 4_uL>ol j-l^l ^JJJ> 9j J_J^J I sj_ >Jl (jU dllJ-Sa 4_jjl^>. ajjj^j I <L_^J>J| (j_o 4_uJlw jj51 oLil (jj <Ul^>w<5^ I 
J-ift 4_>li dJJj_lt 4JLt*_J> 4_jjaj»-a jJjjS 4_kj I , ^aiL; p.g-*i-;-> Lj— 'J >— 'ju> •r-JUJ tj.ii.fr.-vj I ">LSJ 4iJj3-il Cjlj_>--iJli -Li-SwiPi I 
s-Lil CjLjjj^J 4_a1jL>J,I OjH>-£JI £,li j^jJuaJl *U jJI ( (N 3 CI) ajjJj-aJl JJjjK ) sUkll ~JLs Jlo j^Mo^l Ju>l Si La I 
aijji^jJI ojLJijI 4_>oj Lojlu 4jl>-iII (jjj»- a, Jj^j I OjujJJ*- ^Jl 4jJLuJI jjiSJl OjUijI 4_>oli du> Lj-JI »«UI ^Lajl k_iJ->o 

. 4JUI ^jj*-*^! CjLjjjjj. jJI ijua-jil 



Hydrogen atoms 



Salt + Water 
(solute) (solvent) 



-» Salt water 




Oxygen atom 



>>oJI 0L0 JtLvj ^—uSy — s-UI s-eSV* k_uSjJ ^ Y— ^ ,_L£Lw 



. Jlill Jj.l>JI J (jjj U5 (j ji.al «-!5U al ^» jjjjJI j^j-jj <l>I *i!l _y>oJl «-L j ij~<J jJiS^!l «Jli _^» ajjj^all x>j^£ <jl *-oj 



/ sL4l j 8J£>J <LwJ 
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» v~ ' -js- Li 1 jjjjlS 
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» a_> — 1 DuJ 1 Jj j alS 


u 


3j^>oJl -M»"5!l 4jAjj 



4_«ixlo (jj-i-l jjLL>a Jj^I JlL«<Jl JjL«j> (j_o jjj-^ p— fi lJ-c Ljj^Lwj.^ Lo ja JlLJl Ija 4jL>U ? u^j^ll -rJa~< Jp 



jLki^ll pic. JjVI * >ll 



W 



jl a ul »j^£- /ji S j£i« 



<j^j*il lajkkj Jjlai! Jaj2al 



North Ptole i90°N) 



jfl.-cr.'c Oo?j,n 




South Pole {9DPS) 

J=l>J <Uj>j£a ^Jj^ 3 J3jJa-> »J-£ ,JI t>ij^l <>....'.»-j l.;5.i..,tf UUaJ UjSJul j-SjJI (jli oij^l j-fk (-1* &jH^ ZiJJ U JjLSLo JjJ^aJ 

jj_1> j— *lj ^JLo-i < fl g^ ,"» i^jjua-j _!l 4_uJ>j^l Sjilll »~<Aj <i*Jj> 4ii.i..,Vf.l I J JajJaifcJl ol» &aI J^-l (t C| U 9 1 OT J 5-l^iw^l 

^,a,.,.t— " s-lij-w 2l Ja_>J 4_jjla!l \ot kjJI 4_uba '/. T ' ic^U-*^ ,JL*wJI cJLaill <j* ^il>JI i_ft.^p.'i.l I ^J oLxJl I 4j~uJ Jjjj i^JJ^- 

4— >M J (>JJ AAJ u^iydl JaaJai- 4_uba ^>*^ "^J J ^ ' 5* iC^*"^ - " "t*^" *iW^ O'J"* ■^ l *"3 jLo«S 4_>-jJ ^ « Jlo-£jl i_iia«Jl 

j IjjJ_>oL_i 1 _pjJ T >j_> 4J_>_5-o "jji jaj (_5Jjl uj jjl J aJaJ I Ja_» i_)a,c>.a Jlo_j L^sol ^jL>jJjL ,j-/UJ° J aiaJ I Js ojo3- Lol 

^ A « (J=u^ JaJaJI JaoJai-J 4jJ^» 4-^jJ \ ° f-f^ ^^ 6^ ^jb ■!=->■ Y £ (J I 4.o.....Ji.o (j^j'ili J aJaJI JaikiJ jA«oJI J=l>- aj» <J JJI 
Ja-JaJI Jaa-Jai- »IjJ kj — ^L Bjj.t-5' 4_5Jj £>^l_o2l J-jJ^fcj *jjal-<_j ^J^J L5~^y "-U^' -k-*" Vj"* ^-?"J J ^A* J liyw 4-^J J 



jLkj^ll ^Jc JjVl * jaJ 



U 



jl a ±& ajlc. (-i S j£i« 



J *j— >■ V* ^Jla_J>o jLj>oJI bLjj 4_j>alo jJ_Aj du^- <L>alll aJb i_jjjjl «-Ul £>C J->^I *L» JJ-»J ,c-^l OjULsJI ajs\ JjJ 

L5 JxUi 3 J il i^-^jJ LoJa^Jl sLJIi JLHI Jjji— . j^ixi (j^« ^ u^» lm> ^^^ li^Lli-l <_*Jju>o ^j (:/« r<s ) t-iJSfl 
I JaJ (_il^l j e-\j». t \ Jli>- 4_>-jio J=u«>ijilj j-o->- ^1 j-*^' 0-° ^^ <J-^~*V. I *■'-.!-.' i— il^il 3 4 j->- t"V lc^'j-* - 4_>-alo J^jwj 

CjLjxjS j!>Li>- Jaj^jJl-J J»^»-jl> jL>oJI ojjfc (ji loS jUaj^ll OjJia j-»oJI Oj'ijjw lg_j3 Jjjj 4_uI»ju*<I jJaLlo j aAJJj-lajJ 
jLkjl JaaAw aOP >u ljJLaJI J-*^" iC*J °^' "^3^° tji>liL>JI al pUjijI ^lc Jiy ^lll Jjlajdl (j^l OjJa*-^ dlbda 4JL»«J> 
4_Ajj5l1I jLLlo^I JL*Jl j->oJl u^ajy. s-I»ju«> il J=l>- OJlC 1.o.'i.;.i «-laju«>2l J=l>- Jlo-Sa i_jil>- 4_>->J Y * J=l>- jJlC djj^o l&S 
JL^lJ^I di) j_5j jL*jJI 4 l-« 4_j>jL J «■ Lftjjl 4aj~<j L^iia- ^!>Lo^l dljjJ oLil y>JjJ loJJuti 4ikill dlli j hl^i ^d\ 
J=u_><jJl Jl 4_>oa -ill Jij«^Jl (J «L>^o al Jsu^jJl ^j i_j-«j -ill jL^JjI obj Sjbj al iii dilj5a 4Aj«J> (JjLswj Jaj^jJL 

tjL>oJI bLw 4_>-aio (j^>ljL>JI al fLijjl 3 »j»Lwj J-oU* LfJS b^;' 
90°E 130° 90<W 0° 




c- 1 HJ ) 4_j>jio ^li dloUl (jiM ^ o— ^ J^-i J <j,Jj l.o5i JojJI >u dills' (JjjIjj Jj Isas LjxJsu^ oLil 4j>jL i_ill>o ^j 

Jj_*j Bjbj ia>-MJ LoS t 4.oJn.'i.'i,o Bjbj k^j«*<jJ jjJtll >w 4j>aill j BjbjJI ol& (jSJa j^Jsu*JI ^lc BJaj>ail diti (j^ Jjjj 
j 4_j^-LaII 5 v.uS.1 1 BjLjJl (jj 4aLJJ| BJA -Lc jilaJ djj^- s Y « « a ^ « > (jj ,3*£ (JJJ Lo 4jyj««<a 4jl>-Uj Bji^aj 4_>-aill 
J_*j>o Lw 4~ai>oil f-lill Bjlj^- 4j*-jJ ^1 JojJI «j 3_>jill Bjbj ^_jju», ^jJJ (11910011116) ,_^>Jil ^J^>^■^ 4j>jJil 



jLki^ll ^ JjVl *>ll 



^ 



jl a ul »j^£- ^ o j£i« 



5 J l_> j 4_u~o 







35 36 37 
Salinity (ppt} 



<u^. 



£&xj\ iu 4_>jiil 4ju»«j OjL)\ (JJJl) ^fl — ^ (Jj...f' 

l»LwJI oLjil iol_j>oi ^U dil J_5j jLjjkJIj jl_ gJ^I (jjbvj (> .L££; ^1 ~%>yj dUiS lj.i,.^.o l$JI Jj .Las k_ji*JI 

. jji^ ijuij £5L5U u^o ijj^oix^ji gis ji-i j (hydrothermal vents) 

jjJkjlJJI j_» l»J_>-l oldl j 0JjJ>jil jrMo^l 4j--<j jJJAjJ ilfjia (>o jJtSl ds*y \ oLil j ^-Mo^l 4j~o jJO«j 4_uL»S 
iJlaSJI ^LjIoj oL«il 4ila^ ^Ui Jjjia (j* (Jji-^l SjbjkJIj jjifculll Jjy <*_»Ajutll ^!>Lo^l 4jj5 jjJAjj bLJJ ^JLStJ I 

,_^L}Ai cj_j111I *_J>jJI -Lc JiiL>J JJLJ <> J23 l$j iijio 4jj>L>j SjjjjI &e SjLe y> (jjJIj (M yd rOITIGt Gf) 

J_*j oLJI j 0Jj_».jII ^^Lo^l 4juw_} jJI Jjj>o jJJIj oLUI Sills' 5«.|j5 islaSJI ^Lio l^V '^P* »LJI j 4JlaSJI 

. W— ^ Jitw j Uljj ( -jJI CuUL>olII JjjL &£■ Sjl_y>JI 4j*-jJ c>"^ 



jLki^ll .Jc. JjVI «. >II 



jl a ul j»_jlt (-i S j£i« 




Career = 



(hydrometer) hush ^ul, jzj, &> s^-s j^ 





Temperature-Salinity Diagram (lines of density 


in g/cm 3 ) 
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^" 1 1 | 1 IU-+-" | 1 1 1 1 _i--H-" 1 1 1 | l_ 
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J5 


34.0 34.5 35.D 35.5 


36.0 


36 


.5 




Salinity (parts per thousand) 







3jl_y>JI 4j>jJ 4_mjLwj 4j>jill ^\ 4ila5JI Jj_po OjLLxIo \S~\ Ji^ 



jLkj^ll pic. JjVI * y=s\ 



\\ 



jl a a »j^£- ^ oj£a« 



(PH) c^jj^' p"V - r 



H 2 
Water 



H^ 



OH- 



Hydrogen ion Hydroxy} ion 

Lfr . ; , 3 Jjjj JiJl JjJLvjJI Lol (jiiLo^-'iLj lS -o~<J Ja~<5jj Jj^J I &y\ {j£ (Jj^-jjJj^JI (JijjI LvjS Jjjj ^lll JjJL>jJli 
CjLJijI I fr*2 (_5jl~<-JJ (ffJ— 'I (J-jJL>jJI Lol CjI—jjIaJI al J_cIja1u -a..,.t— " (jj->-a jj.;.^.ll £)Jjl £>£ J-»^o ajj.;.^.ll <j»jl 

u^\ <d (jA&^JIi ^ £ Jl « (jj Ijjj u«<Uaoj (_)-<Iaj lc*? J»1>>jJI j (j^>-ajjj^Jl ojUijI y>$y ,JI j*"^-* l?*J IP' - ' / 
,_>J LJi ijj^UJI JjJUvjJI Ul ?J!>UI ajJall ^a iJ>jj^JI L ys\y>-^ (j->L»a1I ,J-£ "\>^ — * 0-° (j^-^jj- 1 ** 



8 

= . 



1^ 

3 3 



L 



J. 



= . 



X 



ft 



I 

■:.■.■ 






L.'.i 
^7. 



5 



¥ -* 



: ■ 



& 



£ 



■J> 

LLJ 



J. 



X 



1: 



J 



O 1 2 

Strortg ado's 



10 11 



Weak acids 



Atei/tra/ IrVevafic J^ases 



12 13 -4 



(Acidic) (Alkaline) 

4JjlojI (jA*j «j ^jjj»- aj Jj^J I (j«<2l (j^LjLo T*^H \/\—\ ,_p-2 
<L<jjlj (jijLisJIj iJliL&Ikilla a ij««< LiajJ la ajjJwaJI Jj~oj>JjA (J-o...'!"'." J^IiaJLJ (j^uaII A& \ t — V, \ (JJJ i c^^-^J J"^i-* 
A 4_» j^oJl s-U -J-^>-ajJ.;.^.ll (_)-<jIj V (JjLjj -Jj^-jjJjA (j«<i UjJ (j*SJs iljlxill jlall Ul tOJjUl 4J>ia>- iljbw 
LgJoLj Jj-jxjli ji Ojljjj>oJla dJjjJI ,Jlo 4JJlill OjjjLaJI <Lulll aLwJj-'il (jAkj (j^Jj <Ujj«-J> S-lcli j^>oJI «-L» (jl (jl 
JjluL^I (j£ <L>oUII OjLaLojSJl a_»J I ijjiaj (J^uloj LoJjlC (j^^-' ic^'j 4_«^ijL>Jl jLLjil JajL«o << ->^iJ <U«J>jL>Jl Jl 
4Ji!Lj_o 4-;..i'_o.->JI jUsj^I OjuL^ 4jJj«JI OjL*AJju^ila OjIjj^>oJI (jj JjJjJI ^jAS l JjjjjJIa aj>^«JI Jjlo <3jij>JI JiSjJI 
bLjj Lolt oLul BJ_A J (jJu—itJ lc"' ! '4- > "^' LV° -V.J-*Jl l ^ J JJ 1 t j ^~' ^** a— t (Jl ^lj->-J|jJ.ii$.'l (j«<^ll (_>oLi>ol (j^ 
Qjl l^j-vjJla j I— -vjlI.I <Uy>^J>Jl 4jjUI ilaSLU I >iu -lj^>- a» Ja^J I (j«< l\ <£jjl>- (jj I^LjJ J^' J^-*-*-* 3 "^J Usj^jJ I a >L>oJl 

s-Lo J_jj o_o J!aj jiyil olfj ^^jjj^-jj jj^J I ^'il cuL5 ^^ic j^Lu ^Ij (b UTT6rS) ioJalll jl_aJll Jj^-jJ dl!J5a 
a_»l (j-oj (Jjj>jj J-J^J I (j-<^!l SjLjj Jl j^>jJI 5-Lo Jjj (jj JIaj dlliSj Jjj>jjJj^JI (j^'il j (jiiUiJ'il Jl j^>oJl 
J_>uj oLil j (jjj>jj Jj^J I (j_ajl SjL)j jlft OjU^jSlII iftjA*ji (L03 I OjLj_ajj5JI ^A j^JI *L» j CjLoJalll sjjg 

J_y ^^le Sjjill LJ ojLJ_ajj5JI ^li oLil j ^^jjjj-jj jj^J I ^"il f-Lajjl jlc «Gli dUiSj ij-iwL> Jil s-UI 4lcL> «bw 

iljUIl J (jjj U5 oLil ijj^li (> JJll! lS jjj>jj jj^J I ^jjI 



oLki^ll (Jc JjVI «. >JI 



TT 



jl a ul j»_jlt ^ j£i« 



Acidity increases (an increase in hydrogen ions) 
> 

C0 2 + H 2 — > H 2 CO^ — > HCOf + H + — > COj 2 " + 2H + 



Acidity decreases [hydrogen ions are removed) 



(jU (C^j-oJI s-UuJI ojLIjlC L^jS jjjj ^ill jI^aII ojLcL> J}l>i »jJI jljj ^Ic ULaL Ls!>1Jl>-I Jojj-jj jj^J I ^"^1 uiili^j 

■ol_Ja_>l P\_j_u LoJ—iCa (JA^j > J— ;.g.l I ?I\_jl)I $_>■_> j I ■ jJ I a_>o 4_>jj° 4JJLa1I (JjOJO b-o oLul <j-o ^JJJJ (j»J >SJI -~J — ^ I ,eJL) 

(jl_3 lj.o.'i..,.<-o (JJ-^V. >-^-'l IjLSD I (j-wiJ-J tj-SJa JitJiJ 5-LjuJl uA9»3j Laic «-Ldl j lol 4.;,.Ao.-> JJl 7-J-^V. s-Ul (jli ^>- a > J.;.g.l I 

^wiuJI vjiibJli ^Jj^-ajjj^JI (j«>il Jjus (jj^>- a, jj^J I 4_>j^ J ^j-'j jjIUI (j^sSllI jj~<^I lP^ fj""^ l^s-**" J - *^ jrf**" ^JjL*!! 

■ IjJl aijJl jljj J* Joj>ajJj^Jl (j^'il J \JuJtb UMj^-I d>a>o (j^iijjjla ^ja-jJl e-UuJl (jj MSJ 



.J^-l 




Midnight 6:00 AM. Noon 6:DDRM. Midnight 



jLki^ll jJe, JjVl * jaJ 



TV" 



jl a ul j»_jlt ^ oj£i« 



oUaji gj Qua>^Vi -r 



ess - 



*5P 1,000 - 



£■ 1.500 - 



2.::: - 



2,500 - 



3.::: 




D123456769 1D 

Disso ved oxygen (ppm) 



(JbJI 4 j->JI L»l *UI J 4Ju«J VJ-^ ^ri-*" O^-""^' f:'""^ (VJ"^' *^' c^LIoju ij_y>oJI t_JL>JaJlj OjbLill (> 5l£ 
^ Y~ ^ llhH ^ 7jL>"" c ^i J> 6>4^' J *j-^W °y J \L» Uj i_JjlJJl (^jwiS^I 4j~u jJiAjj ti_^jJI Ljs-IjA J jllaJj 4-Jli 
,j«<a1Jijj (jj_Jil J *j— >■ Y ' ' ,<-» (_p-"j (Jj-^' s, lj-^Jl J 0Jj_J>jll 4_ » ..,. » _ 't . 1 1 (jj j.;. 1 5-i Jjl <U»«<jJl BJAj 6>4^' j *j-?" 
^,o,.,.t— " 4_«s>l>- A—juj&y 4_^£_£l (Jrij^ 3 £>* jl ^^jJI 4aj3 Jl L^j^li- 4_»^lcl (3ri>k L>* «— wlill (Jj^kwS^I 4j j^oJI OjLwLSJI 

j\y^ &s. jie. (O2 minimum zone) o*>~^i ^ jsi sik« ^1 j^ &i ^1 ^1 j sjLjji » o**-^ 

Ja_J>ill oLjil hjt^Si 4-JuL»oll OjljJ>JI 4j>jjJ A^-iiJ ^JaAJjl 0,i» 0*J 4JLuU»JI OjbjJI J ijjj^t^^ll <Uu«o ii-Lia » ^ « « « 
al_L) (jjJl J=UJ>voJJ ^Ul a~^>Jl i£jj> 1ft fUJl J i_uljjl (JJJ^^^I (jj <U««uJl BJA Jj^>J J i_U~dl ^>-Ji J t fUJl J 



jLki^ll ^Jc JjVl ^JhJI 



T£ 



jl a ul j»_jlt (-i S j£i« 



4_>-Ludla Oi«JI jbub 4Jjjloj aju IJJ 4j_uw 4_>-Lwj ^lc 4*3laJI Oi«JI 4jb Jn.»..Al I <_iv*J ^-J-* JaA—aJI <j* l*H^ *-o~u 
ijj'il itaUib 4iM*JI ol» (Jt4*J 6^°t!J 4j>Iw!I ,j>>L»3 Sji>j ^vll >jLXI_3 SjaJI 

Pressure(pa)=force(N )/Area(M 2 ) : 

dLIJ ^_Lc Jj-jj s-Lj^I jria~<j (_i^>Ilo (>o jj5I s-Lj^I pli j.kiJ>Jl ,jl Jl>-Mj dLLol (jUl Y£— \ JS-£ J (Jjj lo5a 

.?IaJI jlft iwviJI Bjbj <L>uI> ib^l 4_>lfi 4j>oi J alo!>U 3j2j s-UI flijjl 




ll_ 



20 30 40 SD 
Depth (meters) 



6C- 




^ ***_** (hydrostatic pressure) ^ui-k^jb ^^ buii jjlj.l^ji ui ji^by^ \>\ jju, lsjji 

(jl (_5l 1-iu.g a ^ « J_£ (JlfL.,.fb J-b^ ^ ' ^ ) t5 J->- JaA—a ^ J-liLoJ JJJJ 1 ^- , J- >- 4.oJ?».'i.'i.o 8 ji^aj JjjJI ^J SjbjJI «j Kw»J I 
(jifbs (_5 j_»J I 5-ImJI JsutJ> ^Jl SiLi l\j (Ji> ia£«J> "\ BjljAo ,rjb ia£«J> vub Oj->o 1*3 la (j*Sj f> "\ * tj-*-* (J* (_>^3 1 oj«J I 
4— g l ujj I J^bSlI (_3 yCia s-UI Oj->o (jj~s>liiil J^lwll tjA*j Jai~sJI i-;-!^-^. J3a t5j-*- Ja*~o V 4j1c 4j*3laJI JaajtJjl e-ajj>»j 

jj-j>jij isj-jufii j_ic djju>ji jj-^>ji jij-a'ii si* (jj pijji 4j!>ij d)u»j (b arotrau rnas) s-ui .l*j> ^ij^b ix*j>jb 

. -l^ajjuill wJ->oJla. Jajt^aJl oic i^jjb>Jl 



jLki^ll ^Jc JjVl ^JhJI 



To 



jl a ul j»_jlt ^ j£i« 



F l"5 




Compressed 
air tanks 



norkel 



1MB 

Regulator 

(j^JaAJI 4jJj Jj^ •tv-^ij YY — \ (Jj...'1'i 
li-fr-t LwLuL>-i s-ljj*-"}! Jal a 0X**s* JjLS^ ^ift JaJLall (jiijjtX; (_>aliiJI (jli s-UI Oj->o JaaJugJI J j-><jj ! JaaJLgJI jlw=>l — ^ 
^_jj_jj> jl oL>jLj>o dlli-^j JJ»-ljJJ MjJJ IjjvAj (ffjJlj Oi^'j 0->^' 4JjJs5 a-^>Jl J iltijJl 4_»^lc^l (j_a5Ji Ja*-=Jl 

j j^fij (ear squeeze) ^j^i i«_j> Lr «~-j; &iVi ^u i^yi »j_cj ^l, j^l ^i^ji !j^ ^^> ^yi 

(j_o jJviiJIa (_i_j"il J--^j JsjvJJI i_JLuL»o JjjJa ij£ J^!l Jjjri •& (SI 11 US SC| U GGZ Gj k_iijj>JI hXJu ^,o..,.o 4-g->--a»J I 
J^x^sJL lj_jj (jl (j^slj-iJl (C-l-xi pJ^I J '- c IJlJ •Kj^f" j J-*J--V. 6' o°ljJ«JJ (j5.o.; J^l Jlj Ijls 4aLw ^j LjJM>- 

-o..,.'— ; jwslj I I J_&a (jj_ «£> I ajuJ ujLS i j—^s I 4— 1ft ?uju (j I (j5.o.; ->JawJ I J I ft IaI I (jj UwU J ajt^aj I ; J ajt^aj I « I yh I — Y 
4jli i£j~o (_yolay«Jl Jjv^> ali JajtjJl li» olft <UJ j VJ^V. Oi^f**^^ 6^ i '-^ Oj^o (_yoliAjl (J-<a11< Lojl*3 s-lajj^b 

aj-frfl ajJI j Sjjj«_-s> OjLcIaS U_a5Lo ajJI JjI j (j_o r'^J jl*JI li» J-*>^ Lm j^*" '->-* 6* -i=J<-AJ I jJi> »iUjj 

(j^JlyoLj l.fr.'i.;.o..,.t— " >- r JJ~>) J 2l (JJ -1>oj (_>oliAjl 4itfL>- J^oUlla 4_>w<J2l y>o d)w>oj (jl (jSL&j 4_ula^Jl *jSIa«JI 
y>hXJ>}\ SJIjJ (ji>ji /jJ~-JI j-**' j^^l J^VJ j^N 1 " jl ^>ji\ V^**y -^ ^^ W^ ^Uill opLsu (jL^ Ijlj (s-lyil'il 

Jaj*_^> J_lc j_o*il li_» di J_ >oa i_illll al .^11 Jjlo (J «->■ J-AxJ 4^>L>-a ijajjJI 'UCa'il 0>-l *jjU«JI oJj» J-jj (jl 
(jl_£ J_A3 IjJ 5-lil J=utJ> Cjl>o UJla (jLS^ <Cijj J^-lj 5-ImJI o& << -*J^J 4»«<LaJI »ji5u lAj Ij^- Sjaji^ i^J—V (j-olwUl 
4_jjIi^JI Oj^Lsoi>JI (3jV*2 Ljj— <-» 4JjJI J^-lj JJjJy 4 lj-^JI 6^ ^ia— <U Jojv^jJI ^->ojJ JaA~sJI IJJ» Jlj IJli LLiiJu 
(_>olj_iJl (jU j_o^l lift Js- k_jtUjJ ^5l] j) t Cj^I jl JJjJl jl s-LfcC^I 4aj~<jj SjjjjJl 4a£j^l [Jlj »Jl ^Jl Lxijloj 
4_lljl (_>i>lj_ol 4JS-JU-J »jj'a 7-i2~JI Jl 9Jut>^> iljj'1 5s-I.O-i jj-iijjj (jl yj>ji jj a \ ' Jjajw i Jaju Jjv^u (jl >—'■'>-) 
CliLftUill 4j|j"i s-UI j 'Uift (jLS^ (J ill JaiJjl L> ^il jic ^—lLsJI (jj iftjjuaj k_dji j t-iL^JI (_>oljj«JI ^^-a^aj Jaijjl 
(jl J^LjJI aJL) [*i> OjLcLj 0O£ J>Aju«<j OS CjljiS -Lc UjAS Ijl>-S Jn,»..Al I <_iLuL>OLJ Ijjj »J ajJl j 0Jt>-ail <L»j|a^Jl 

.(jLob OjJjJsj iioLS^ Sjj-su OjjIJ JJ ajJI Ji»lj OjljUJI 



jLki^ll pic. JjVI *j=JI 



u 



jl a all j»_jlt (_ji S j£ia 



(j lo— ...' 4_3L£j (j^aliiJl JJJJ '—'■;■•>■ J->ojl <>.o....'.'i.'l 4j^5y dJalwJI (jj p»J *3>i jJl^JjJluJI ujijJl jl (jl&P i\ B&Jtuj 
4_iolj (_volj_ill SLj> Jj: jJaifcJl uu^j ji ilL>Jl oi^j ikj^uJl »Lj-ll <LoL> *-»1x»~o 2j jj5jill <L>lc v*-^. "-^y^* - 
(j_o '/ VA Jiii...'1'i.; <_5 jJl tjJL>- JjJyJ I jUit JaA-J) Cj->o (N 2/ Ori-f" 3j-S!-^ ' J I* (jL£ij~>l 4_>^jjlJ <UL>Jl BJA ^ojj <^>jl>- 
4_Jli Sjjj£ jl^el ^Lc .kiJ> CLt>o <tJL3uuuJ pj IJI LI (JjUJI (Jjj>JI .kiJ»JI Jlc ,_Ll> <L»<jUjJ (J ill tSj^jJI =-I^JI 
1 j.p....t_'i.l (ju_~>^l iLjJsl q£>J<-> 4j)J_>v!Lj t j ^J 3JI (cJ->-iiJI jl*) (JJ-^JjJ^uI JJ~ol v>J"UJ L^JUaU jjJ*J.I jjju 4j <jiSj 
(jJ--S>liAjJ aijJj^JI jl^V o«J*JI ujjIJI J->-lj JjJ»j1I (jj->- a jjjjj I jlft JljjJlwl ajj 4l51wil sift -Lft i_d*jJJat a^^l 

. SjjjS' (jLaftl ^11 (j^kx$-> (jjJJI 

jtaaJt f La (JJ^J QJiAuil) 4juiL* 

(j_o pla_>l Sj_C (j_o ^ w .o- t — 1 J _ij_ll i_ AjJjJ I ij&S3j { — '•'/*• (_>-'.o.'.'»'J I £yo 4jjUJI 4_u^L_i il 4i)lbJI 3 , a~i> && ^.lo...'!''.' I > a-^> 

(JjjaS (Jjj SiLdl jAj lT^"J^' t -' 9-^ =l ' ' 0' (>4*ll 0-° J ' JJjJ dlliSj JJX« ic^J- J^ 3 ^ OjJ J^ 3 oLbJl (jM*^ 4_> a5Lll 4_*^i"}!l 

4_jL (_3j-«J (J ill JJjjJI J5 [C^_jil J}UI Jlj LLSj JJjjJI *-o L~<iLc |C^>^' JjiaJI k_j-»>LX> j 4j>^II (>» (JjJLjj (JJ*13 jl 

. ( _Lcl UpaLL oul£ (jl <L>jil Sy cujlj (j I jjjjJI jlj (C^-yil J_jk!l (>>aj U5 dBaSj Sj^-IjJI S^JlUI J rljj^l JJ^ 



Dispersion 




Prsm 



Red 

Orange 

Yel low 

Green 

Blue 

Violet 



Long 



Wavelength 



S « £ * * 

- 2 a S = a 

II O >- O (Q > 



3 



3 net 



Radio waves 



Microwaves 



Infrared 
rays 



>_:. 



Ultraviolet x S 

rays 




Low 



■ Frequen cy 



High 



->-ill UjJiLa LajjjjJ L*jl> ojL>-iil ij~«ajj jiliJil s-iJJI (.iULi (Jjjj YV — \ J^w 

ilo *JJ»- (jli (Jj^' (_9^U)I JMJ>- JSjuj (JJJI ooj "ill jJI J-su (JJJl s-j-sJl 4jAj Lol (JjJ»Jl (_9^»II J (>ojjj jl s-LiiJl Jl 



jLki^ll ^ JjVl ^JhJI 



TV 



jl a ul j»_jlt (-i S j£ia 






C Mr cky 



■staaTlai g 



■sbBOT'^an J__ 




^lallcring 

arc dtfljie 

rtl ec: or 



Du5.~parU~l± 



g-cmd 



C oudy ckj> 



C»-i: = 

■sfrsarpian jg 



' iter 
■sfc-sarp-.an 




45 *i nr leu 
TBEf« Q-cund 






C-ar'M r*ys = 



C reel s-.r rao& 
caizentri'M- energy 
wlhi- a-smal 
arss prodjilij 
mcret-e-s: 



E anted r-iyi ; 




'i ,' 



3-irtea sj-i -a-s 

siTaa ;-*s-py gvs' s \ i . 

a s - 3- _ are-i _'--■> \ -* 1 

procucr; less heal j^^ 




Are-: = 



Areas * LC 



ibllla 4jJjjjJI 4jtw"il (Jjj (JjaII ijJJJ Y* — ^ J^i 



jLki^ll ^Jc JjVl * jaJ 



YA 



jl a ul j»_jlt ^ o j£i« 



JiJu (j ill ijjjj^l 5-j~sJI ^» iSIL i_iLL*il (jjSl JjJj t5_^>^l 6-» ~^° jj^I u^J *-iL»i>^l u^v 6^ IJJ jj->^o JJjjj (_r^>° 

(_yoj_oj JL^alj t*a> ]| Jjlo jJJ^Jl lc^J-II J&kJU (jAiioil JJjjJl CjIJ (jlaJ^I 4_ub Lol tjlaJ^I <Uaj <jj jjSl 8jjj£ JjlfcCl .Jl 
CjliLtJ 4_3ljju>-^ 4_j>ulji jjj^l *j-aJI L*l s-Ul «■ JjJ 4->jjj-> 2SU» ,Jl IfriJlk U^>J ix^JI sLo (jj t» ^ « Jjl Lljj J 

• <ijj' 4 -J^j j-*^' s j~^ j- 1 ^ 3 J-*L^il l>j-* (JI Oj^-" '->-* u^^v W- 3 Sjutiu 



Color 

(wavelength) 



Depth Absorbed 

(metefs) 



Red 

Orange 

Yellow 

Green 

Blue 

Violet 



5-10 

I 0- 1 5 

15-25 

30-50 

60-100 

10-30 



(JLUI (jljJ^ <Uili4l (jljJ^II (j^Lalol jLo^l 



SjljaJHa.jJ-'V 

aJLj ijLJa^l sj_» aJajw (jl_3 dJJjJ L$3j-Jj J (JjIjjli (_iLjJal SJJ (jj 6j^-" B W (_c^ SJaSLdl (j.i.o.w.l I 4jtwl (jli DjSj Lo5 
ui!>(j->-Lj (jiij'il ~Jsl-w ^lc OjljJ>JI <L>jJ BJ_ij S.L>J UjJJ bLII SjIjJ> <L»jJ fUjjl 4jlJ~<j ijJj^l jLjloI BJjJI J I^L^lLoI 
J_ic 4j>jJ "\ « ,<Jlj^> (Jl <— jUa3"5[l jic bLII Ja>o <L>jJ (jj JJl £>jj 7-j'jJJ 4-}-> J a~ > J I sLil Sjlj^- <L>jJ (jli (ji>jJ«Jl JajJai* 
k_iL_uU 4_j>jjLJ J—ojJI J OjbjJI >u Bjljj>JI 4j>J Jju k^JJ^> JJJ«JI *-o i_i!>U>->-^lj dilj5 Bjljj>JI 4j>jJ (_«JjL>oa s-lii^l Jai- 
jL_>JI Jjttj^J I _J->_>-0 BJ«jij > tf eu (jj-lj ^.oilu-'.o yJ^ Sji^su S>lj->JI CjL>>»J j (_>ajijjl (j*J-J J '•jjJI '—'-.'■•■■'-.! <_5 jJ ' (_>«<J«2ul *j«i 

. r ^ — y«« ^6-(thermocline)s J i^ji j 



'301: 



120Q 



S 180Q 



240Q 




lO '5- 

Teniperature (°C} 



J**JI ^o t_i!Al>-^l dilJ5j 4-»j>Jj.wJI Sjlj^JI 4j>jJ ui^i>l 7— «jj Y"\— ^ Jii-i 



jLki^ll ^Jc JjVl *>]l 



T^ 



jl a ul »j^£- /ji S j£ia 



J_3l (jj SJ 4jj>Ja~<Jl OjLAjiUli IU i_*£UJl CjIajUI fr» y£\ ii»L< ij^SJi 4-jJ>Ja> J I oljl _jl oL-aJl JM>- ajlSJl £j* J 

ki-^-'ii o_>jj 1— g-i s\2£ (jU 4j^JsuJI oLJ.1 ojLajI? j^xi IdjIp lol olJI ojUaLI k_ aJ£> c_j.l>o !>(i ,j£^ 4-iUa JJalis Wilis' 
cj_ij J_i-Lj ol_Jl (jU Ljj5j U5j plillj ~J»~JI cjIajL J ^-^"ilj s-Ul ijju i_j-Jiii)l *JLi s-JjI bLw Ifio^oj <_p>oj JjLw'i 
j_35l (jj-SJ *LJ' <*k~«J j—oMll «-lj^Jl (jli 111 i-uLU ijjl_y>Jl SjvJI (jjjj^I 5-UJ 4-;jl_y>Jl i««JI (j^ 6-*-^* <s^ 4^*' 

«-) q gJ ) 4_L>^o J-^JJ (j-><~<J (jl Jju (J-*2 J-*-^V. 4— ^L>JJ J^^UI s-lj-fJI (jli 111 4wjLJI ~JawJ (j«<j}UI s-ImJI d)IJ (jj OJjjj 

Sjjj<jJI 4jii>-ljJl (jail J jjj>-jJLI dllj (jj i_JL.ll (jj£j 4_J_>LJI jLUJl J jj>JI (jli 111 _y>aJl i^>U (jj »jUJI La-u Jjj^I 
jLfill cjLcLw J^L*. i±jj->.j ll»j (SG9 DrG6ZG) ^>^JI ^>J-> i-uUll ^Jl j^JI _>o «jUJI jjUll *lj-f!l (j^-vj >>^" 6* 
As-yM-j ij*~<_j ^jJI 4w_jL1I (j.f-Sle _Lc s-iJbm ^jl_y> j«j dUl£ 4Jli "-^J^j £y*-+j !-»-> *UI (jli s-LJI J_»u lojlc Lol 
s-lj—gJl (jl_i IU s-Ul ~Ja~J ,j^o!>Ul (jj Sjjjj jj-TI JjJJI JM> i-uLLl j^Mll s.|j^J| (j^_> Ill ill j_? \s-y*u Upjljj> jaajj 
J!>L_»- j^>oJI .Jl i-uUI (jj ajUJI s-I^JI tyft-^j s-Ul ^Js~J j-^>!>UI «• JIjJI *lj-f!l J^>-o J->uJ _y>JI ^Jl i-uUll _>o *iaJ-> 
*lj-fll Jj-L>-j j-Lcl Jl _^>oJI jl jJl J^ ^1^, (ji-LJl *lj^JI pUjjl £>e J^l~ Jl jjuj (13110 Dr66Z6) jJl »j~<jj s-LJI 
Sjlj_*JI JLajjI jL-lc Lg-lc Luj_>J (J«Jlj culjUJI j JjIj^JI j Sjl_y>JI jUlJl ^£- il_pu»JI ,_U>JI ~uljl_u jj» <l>ISLo Jjj^II 
jjLjJI (jjiij (j£ Jal~JI yti k—iLks^l ale ojljj>JI 4j>jJ (ji>LL>JI JjJj t ■^j.iij'il oj-^aII r-Lwj 4JuL J!>L>- 



DAY 






Sun rtearj 


Warm al-/^ 


"^K toh lard 

^ i 

\ -* '^ :C 4 " if 




ft jIiKj /f 








.arc 
ica:: 
■: . : ' / 


s 


B^f 


Wa;;r -\a:i s-cyjul^, 




itajt cojI 


D&3 Br€ez€ 


^ ■— j 






i->oJ I »j»»<jj jjJ I i»J~<-> j.".;lo.C cbjO* (jJJy T V — ^ (JS...'!"' 



jLkj_^]| ^Jc JjVl ^j^JI 



jl a ul j»_Jc- /ji S j£la 



hjjgj) -V 

^j~«_Llj s-lj-fll j Jj-J>j!l Jj-J>jll s-Lil jL>o 4—;.oS .j-l-C J*^ J^Lj Lj-J Jj Sjljj>Jl 4j>jJ .-iff JaAS jjJj *i! Cjlkj^jJl 

_»j jw'j-i— t (jjj ijjuij viiljj Ljli 4j»«o ojjSJ .19 »lj Lj 4- u^t ll I 4->&h Jl u^-i^j LJli 4jibJI ^j^jsu (jj->- ij-*^ j 4jiL _yL 
s-Lil jL_>oij !>LL£ L*j«iu (_jt>Jl s-U-gJI ,*-j-£jJ ijjlkil «-Ul jLVj <u««<jj Lj-JjUi) a^*J I j Sji>.&il s-UI jLVj <u^<j J iLiLJl 

(_Sl >JI i_j b Jl jMi\ *'J-£jl I g i g ..'la Lftj-^ il ij oj J-*"°3j *?*J^'I Sj ~>»l > 4 JjJa jJI (j«>l iLia Ojlj >JI 4 >-jJ (_)-><— ^J j 

>j_oj>jJIj i_9n.f' >o /x»J_>-l (jA*jJI »-^-Axj i_j_>L>o (jLCi^iaj 0>lj->Jl (j«<L>aI (jjjjjajjjj (j£ ^jW^ ^*J I P V UlllcLcl / 

(jja (jjjjjjjjJl Ss-lji (Jjj i3>*J' k_uj->J Lftjjyj ip'j"' *•**! 4 'H-" ti jl g >H p-^>H 1 -^-y- > " '•'ib 4Jlxo (jiLoi 4jJa9 4_»l£ >^-2l 

(j_o !>L£ Ss-lj-i j (ij-*JI f—^jib BjJaLill ijiLjJI 4j««<_J ^Jl jl_^j>JI *_o i«ijj Jjlj->- JjjJs 6* ^3^ p^y Ss-KSJI jji 

jlj LoJ5a j—i-'il jjja—ojjJl (j_£ 4_j«ly>- 4_>-jJ (jo LaJ <L»-Ijujl -ic (J JJl s-Ul JJJL >^J-J->- ^ib Jl jiojjjJl ^Jl (jjjjjJjjJl 

s-Lil j^jl) Jjjw (jli ^kj-" ^Jj'j LJ5 4j*i 4jJLc <b^LjJI cjjI5 Jjill Ji U5j iLli i^bjJI cjjL> (jjjjjjjjJI (jjj £jd\ 
j s-lil jL>o 5JL3 .lie LI LLlwj (jjjioojjJI (jjj ojIs-IjaII j JjaII Oj^s ^y^ Oj^H' jjjjjjjJI -j-UujI ^le 4lLil iwLiLlI &> 

IvuS (jj jXoj >jJI (^u Jj .Jul (JiSjj JLc (jii5-;...,t jj^ouJI (jL jj>JI 



^ 



B' 1. 1 .. .! ' ' - 1 ■'.. '''''' ff"; 
1^1 ) h; m Tn 1^ ^ |gf ' ■'■ rx y H . ■ 

" ,^ J - - t J L t 1 1 x l_i » I I I B V 



k—tLjJ I — i_i LvJ I jjj jjjxj^J I (jjjj Y A— ^ Jii-i 
jjill (j^SJ Laic LI '/ ^ ^ (jj5-"..,.f Lu--<jJI ijjJajJl (jli 3 ^ (jjjjjjjjJI Ss-lji j Jj*JI uj^; Lolc <tili JLHI Jjj~< ,c^ 

jl^l jL>o <Lu5u JaiX>o (ji-LJl 5-ImJI (jl j^JJL jjO>-j c Ijiftj '/ 0^ o&J 4 ^W~"^ L " ijjLjJl (jli (jjjjjjjlll Ss-I >5 (Jjj 
^lc (ji>-L< i-jjiaj «-!** j3j^ >i** *J^ I2J J jM' 4 '3-^-" 6^ J^' /V-^" ^Ja-AJ *J (ji-LJI s-la^Jli JjLII s-UI L>J -kj&>"J (C^l ij* 
i_iL-J>Jl J_lo s-Ul jLvjJ 4jj>II ji^sJl Ijjll Jil ^tJ-^u 4jaAJ 4J JjLlI 5-U-gJl (j J Lu^Lo rr^aj «-lj^Jl (jli JjL ^Ja-«>jl 4aLjlo 

. jj^JaJL (JJJJIj 

(fog) m^^ 1 

t± i— >J» k_>L*aJI a~<l (_>ij jI ^Ja~< i-JjS 5-UL *j^al 5-lj^Jl ,4^ (J^V. 
^—'in j >la^ 4»u^u chi-^ y^ l-i,.Al I (jip-'uj 4_^J>jl !_!_>■_■ i— ■ > l.i,.AI I jJJAJ 

(j-*L< 

«i_jjjll Sjj-aJI (jli IJJ s-UI jL>ju (ji-LJI s-lj^JI p-*£3 ij-» Jil JjLlI s-lj^JI ^xiaJI ^->-jJ aW ^L< Lj^j L5a jjL j^Lw 
(j5Lo^l j_Ji^ljjl*jjt (jj-ill L^SLo SjjUl j^kw'il -Lc jL*Jl (-ijL\l< as dlJiSj jj^JiJL Ijjl> tjLJJL 5ijjjJl «-Ul jLVj 
-*ul< i^j^>- <u«^Jl j »jj \ Y « Jlt>- Jl L^js k—iL-JJl aLI Jjjm J-^v. >^jj- > " l- 3 ^ j J^ * -H3^ 3^ ^-v.- 1 * _3* pJL«Jl j LLj> 




jLki^ll ^ JjVl ^JhJI 



n 



jl a ul j»_jlt ^ j£i« 



^Jl Jb^JI (jj jjIjj^ 6* f»-iLSJI J jM' jU*" °jri^ >ilu.»fH I ^jJ-* Jji 0-° f»-sl*JI «■ JIjJI v^j^' *'>f" <-W^ L»aic i_»L«oJI 
. 4j^>oJI ojIjUjJIj ^ljj"ilj jj-^Lc'il Jjlo s-lj^Jlj oLil (jjj J^UjJI £>e ~ouu Sap jjsljJi d)li» (jiJj oLil 

(Hurricanes) j^a^Vi 




<L£y> dlj^oj juL>jil 4 U-g-!l 0-* 4jo9jJI oJ-fS 4_cl~</ jjuoiLS^ ^ Y « (j^ jjjj -7-Ljj 4-£j~<j 4*3oio jjutLS^ ^ ^ l?"-^ W-^^j' 

[jS-Jlj (^ %*— Y* (JJJ L»jk5 jrjl %2j (ffjJIj Ij^J" SjjLft 4JU»io ^»j jLa£^!l ^j* <uic jikj Lo5 jl jLzxC^I j5jj dy>- 4jjJjJ 

^.iljisLj jUjJI isJLijJ ^J-p- jjjil jL^c'il 4jAj Jj13 Jj«j L^-V-"t! t_ij~> ,ydlj 4jjL^JI jLaff^l ^C 4ikio j jJlj Lo il>L>JI 
obi 4_*3lj s-lil jtJs-^ i_ii~<Jlo A5jJ >-i«^> IjUj jjSI ^ouzjj (jiij'il ^Jl jJ-zjIc^I J^ali LojlCa 4jJUJI f L>jJI iCj-«< ju jI^lC^I 

4Jli dlJjJ jLoff^l 4j_3Ajj »£j i~uUI ^JLc 4^315 Sjjbj -X>j3 ^ 4J| US' u^j'il ^ic ^j-tul d)_y>JJ ^LjJI (3^ 4JlCj«, Jaj 

l.ij.VJ JjL-jJI *Ul J^ji oj5j^j IJI L^JiiLL jj-^U^I jaaj dlliSj ^Ajtioj ,4-^^v. 4Jli i-ajUl ^ic ^jLu jUxc^l jjju->I IJI 

YO > 4_j>L)j icj_w J-^>_J a_3j Lo.'i.;.i ljj-^> jJ-^lc'il Jil ^ *3jJI «j jLa£"ilj jj«zsLc!>U Jjjl>jJI jj-^IJ (J»~«Jloj~<— jjs1~> 
4_j jj >_in i> LoLftu 4_jjjjj Bjai—a JJ£ ^Sjijl » jaj jy-* ^ a yLuL>o >_u....'.'i LaS (_>^L>vJi "\ Y Jj-^J' jLai^ 21 JjiS ^joJa>x^ I 



OLkj^ll (Jc. Jj^l ejJl 



VY 



jl a jII jijlc. (j o j£i« 



(tides) ^ 

yj> \—\ (jjj 7-j'jJJ tSJJIj Jill fUjjl jl jJLI (iJjJ jJ-> JSlj Jj jJbl (Jjj 4JL.il ^SyO} j\=f JSb s-lil 4_JI J-^o <>oU>JI 
dillfi J-»-ljJI a^jJI J 4jjd* OjIjj JJjJ Lvj jil (jj pljjl iS!>U d)Li»j ljj£ (jLyl»- J^-l J L£ jJlo Y « ^Jl J^sy jJ 4J5Jj 

djj^o ^jJl j-Llj^Jl Ul icL (jjj-^jJlj ajj^I jlj-o ,J-s J->lj jl>-j Jj 4j9 v±jJ-><j t5 J-" J-tl y>j (01 Urn 31) (jjL^JJI ail 
j cIjJLj «j_J dJliaa (SGnilQIUrnSl) <ijL>> cJLuJL jil ll» ^o~-ji jl>IjJI aaJI J (jjji>j (jjjj L>j 



Cj Ifl—aO 



LhH /*— oJ ?V. 



(j^SJi jJ->Jlj Jil (j-° ic'j^' ^J^-" 6' ^' jJu»Jlj jJll (jj 6ri^_y ^ V^'-*-V. (JJJ'j 11711X60) ixjiiJl oil _a^»j (JjAjLJI (jjjil 

,J s«J a c L ajjAj ejLLw 0_< (j_C Jjy 2 jJ->J J-» til (JJJ OjJjJI (jl jil plj-»l ij-o ii->-^U> lo5a <LuljJI <UajJI (jj Llijjl jjtSl 

j^aII (Jjj JjLuil k_iJj»JJ 4j».jjlJ jj^jjla jil Ojj»Ui k±jj^0 ? jJ*Jla jil SjJ&Ui t£jjj^» t-;-u~< Lo ift 4wjU fjl»J (J JJI JllwJI 
J_>Iijj >i. '—;-•>■ i—jJ— >■ ii*9 I- $-*'-■!-.' s-LAflJI <J 4_>aL«JI »l>^ j| (jl (jJ'»JJ JjL>w<l (_5jjL>o jI aJbJI -r^ia '—'.;.•>■ (j«<j«2ula u^j ^Ij 

(ji>j jl 4_ujL>- (j_0 }LS^ jj"p i^J^>- jj&lla (j^jil (JJJ (JaJlII BJA JjJj J-»-l jil JJVJ voaIIj ^.1,0,.,'I'iJ la ijojl] (JJJ (JjaII BJJ» 

i_iJ_>oj Lo ja (ji>j^l (JLp jjj>jil s-lil (jl Jj jjaII Jl i_>i>oJ' ^ L\jli jjlll (jj jj51 u^j'il (jaj (jji-^l J^ %£ jjaIIj 
dij_>u3 j_il jj-lilJl jl jjjj (jjj ixiljJl 4aLjJI Ul <iic 3jjj<jJI i^j>Jl Jj jjaU iLUil i^j>Jl J s-Ul pUjjl Lu-«<j jjaII jj>J 

t (_>£>, 2l ^Jala^i JaJa ^ift k±;J*o .jifcjla jil k_jjL*j (jli Iftja^j JaJ>- (ji>j jl (jljajj 4_>ujua jJ->JI UjjJ 

Low tide 



Moon 




High tide 



(jJ>Cyu jjAjI i_jJJ»J 4_> t uj jil t^jaj* '-;-'-'■■■" (JJJJ Y^ — \ (JS.'.'I'' 
I— g-'i.;.ijL>o >iJJjS jjtp (j_u>~iJI (jl UjSj l.o5j (_iiSj!>U 4_i_oJL (j_u>~jjla v&AjI *^>ai 1*jj jil J*>Li>- s-lil vUJ'jl (_5aju^o i_jUjL>oa 
x_o J_>-la Ja-i- ^ift jjllla L> ^o-iJI Jj*-Iijj Lojlft (jSJa jJjLjJI IJ-» j-f^ J oij^l (JLft ^(-"jAll J*jJ IjJaJ 4_j I "ill (jiij'il ^ift 

JI_«Jl j_IL j^_] l_o j— »j Lplij'jl j_o J-ilj (-— Lcl 4_>oiio !_>« j_>oLi j_&«Jlj L> jj-i_ll (j_o M_5 4_jjJL> (jLs (jilj'il 

(jj_j (jlJJJl (jj£_aj-»>^! I Lol j.fr,,fi.ll J isAS (jJJ'jJ (J I jjill JLoj^Ij jj-ft ijljJ JJ* jil (jj PjjJI lift k±jJ^oj (SpnnQ tlQG) 
olail (jli IJJ iaili 4jjlj (jLj^Su (j^j'ila L ^o-iJI *j jjaII <U3 (j*Sji jjaII SLj> (jj dJLJJIa Ja"ill ,*JjJI C>H ti' (Ih^jJ' LV.J-* 

^ (j_a5J 4^5iiJl oljljil (jl ^LO LTij (neap tide) ,yUvJl Jil, Lr o~ v . U ^jj^. Jj ^Ull jib *JuJj U5 ^jJ ^ 

(j£ diUa'il Jjy J (jiij'il (jj LjJji Uj^i o'J - ^' >• jjaII jLjj JaJa ^ic 4_>li diljj 4jylj >^J-*<jJ Upl til oaSLj ,*ia5 4joA 
till iaja all Jc JjVl «-j=>il jl a all >Jtc- iA » j£i« 



j_oa!I jLj J 4_JaAJ J_*j| Lol (PcllyCCJ (Jj—oJiJl (jiu«J»_>Jlj (jilj'il (jj jjjjl! (J i.,^,iiJ I i—iljiS^I <tl>JL> ljJ— <j iiiJJ> L»jJ* 

(jAa.A->JL d)JJ5 k—iljJis'il 4J3AJ j-J« jjI-v. j-^ j (j.j.o.^jJ I (jj vj^ o=>j^' 6^ >ii!j^j (dpOycc) (_$jja1I t^W ^tmja 

jL>ji j_uii ijj (aphelion) t> „„ ..mi ~/iu jLcl^i ilsj Lr o~o i ^ j i^ic a*^ (perihelion) ^ 0...111 

a^_> uL> k_) j$ (j_u>_jj I J vOJjJ I <j-0 l— J -X>J I (_5 i9 J L>0 I 4_>JJ_> _!-0 J£ jj-0 _).£ I Jj) 7^-V. -— ' -0~'^-' I (_>CU»J»->J I *-o ^5 j-OAJ I 1 jA.;,.J'. , >J I 

\/ Ocean water 
v — ^ 

Hin ?K Pull of moon 'V^/' 
nign^ . CO ■*> / 

tide' and sun *-~- 

/ working in 

y " same direction 
Spring tides 

^JUJI jll tlijj^- t- i .u.t (Jjjj V* — ^ J^i-i 

«Moon 1' First quarter) 

^' H ghjtde \ 

"^ ^ Pull of sun 

v acting against ^;^"s ^ 
h Dull of moon / , '4?^&} , 








\ HghTtde T^Ocean water 
my Moon i Last quarter} 
Neap tides 

^aL>jJI ail djjjj> cu5j (^jjj T\ — \ JiLi 

(marine waves) *-jj*^ fcjjffr] 

4j>ojlo -^-LjJ ) ilxlu JjuLII (j-*AJj (jLwJI kJJ^ j «-UI j^Jaw rJJJ ia>-^Uiu^3 4_L»-lwJI (jLoll i-jU^I J->-l j CU^Jd dljl J 
'-'■5-'' ^lll s-LLi (jj 4_>-Ldlj 4_xi >_i.^-'i <_5 jj I OjJjJI JiLj r'Wv" *5*J ' J V-' 77j-°-^' *5^ i_i!jL>o >^JJ->- -jJa^JJ ^J-OJ 4jj~<j >L>oJl 

(4j*-_jil slij ioi (jjj SiLJl ) <L*jII pbujl J^su j5j i>JtiJI rlj^l ic.j~»j p^N*" J- 1 -*^ ic^' ,«* JjI_j*JI oi» J5 Ifr/le 
4^*-jib Lpijjlo -S--I a^ 2 1 J^-l (jjii '-i-u-* - U5^-y k^jL^-jil ij-o ^Lala IjUaS (jli aUajab r-L<jJI '-'■(-' LoJjlxS t a Vt ^JIj->- ^Jl 
(jj (JjJuulo (jjj^U al (J.U.0J (_5l (jjj 4iL~»II (j«<L»Aj _>-j!I L^JjJa i_j~uu>o ^jll> OjL>-jj (_5l Jjlo OjL>-jil OJAa 4_>Jj j^jJI 
^Ja (j*q ■'l-Luw 4jaAJ J!>L>- j*JJ«JJ iLoLSJI 4_>-iil 4J Ju^jj <_5 jj I OjJjJI i-jLul* ^via (j* ^->-jil (>»j >-'..,.'. , >o dilJSa ^Ij-o 2 1 
l.g-'-o \ a a \ « L^J^ia 4->-5-» (j' LJu^s> >3 aiS L^Jjj (J^ < *-*"5i' uys 4j-«<Aj l.^-'i.Cyw i_iLul>- L*i.'o.o.; L^loja <L>-iil Jib i_jLul>- 

t k±» / a Y (JjLuU Lfx£j-*> (jj^ i^Ijj (_)-«->■ 



ill! iaja all aic JjVI «-j=>JI jl a all j»_jlt (Jl S j£i« 



Increasing time 

1 — 



£ 15 

| 12- 
E 9- 

3- 
1 



KEY— Wind speEd 
3a Ep* 

eo <pn 



£^ 




Increasing distance 



Lsnsfih (3 msism) 



Crest 




,■, V Wave mwion is 
■*- • £- zero at a dentil 

One- hair Of LI- us 
wavelength. 



_>-j!l LfJjJaJ Ujli P-L2J I j 4_>-jjJJ jJjLj (JJj J-*"'j H-J"* >^JJJ->- t_>lj~>i dhW. VY — \ i]^i> 
IjUal 4j>Jlo r-L;jJI J-*Aj 4JLLJI BJA -Toali k^-uj> JaAS s-Loil 4_u>J j ^ J I iSjj>JI iiLL jj~s> (JJ Ojj~s> OjL>jII (jl cJj*J (jl V-^J 
jUaJJ JJa LgJjiSJi 4jiiajj (jP JmlUlia LgJiSlb JAAj (jl Jjy 1.^-o.oJ jjjILuili (jl k±*jjj Ua Bull j JjOlaIi ,^1 T^'j^*^' U-° "->•■"•»' 

<^*» (jl (j I sv-LLsJl Jj; -IjjI jj~<^ <&** (J* Lfjfl 5a3M' *3Lyi ^£j 1iy^> «- -LLiJl ^Jl J-eJ ( Jl> t-Ijj^I »i» 

4j>jII (jl (jl [C>jil LfJjJa <_S~sJ (JjL-J jj^ die LoLoj Ujjjb ^5^(ju 4jjJ=uJ I 4j>j!I (jl Jj s-UI pli ,JI Jjloj ^ r-lj-a^l 
J-rf&j duj> s- JaLiJl ^ic aJaJXJtJ ^Ijj^I Jj«^>V. U liftj s-lil <jj a (j- -* •*** '■*_>h'-' (S^^-V. ^Jj~> f> ^ ' iC^J-^' W^ 3 iC-"-" 

JJu I_£jLcj««> (jli (C^Ul LfJ4' oLaJ Wj*^ l5j'~v. (3** >*** ?-IaJLj <L>»II fdaJjj LoJ-i*? <d^wiJl «• JaLiJl <uklo ^Jl ^lu^l 

ixk^jj' diljjj Lg-*li (jj fj~>l 5-jJaLwJI jj>J dljJXJLia »Lo!>U Jjjj LfJ*3 J-*>^! L" dJ LSlj->- *i I ^JJ-^ JJlJ Ig-ftliLijI dilJSa 
. «• JaLSJl C-L3 jljj>JI (Jj! Ujj «• JsLill Jj: r-lj-o^l aJa->o J5L& <-iljL>o aij «• JaLill -Lc <L>jll 



jLki^ll ^Jc JjVl * jaJ 



ro 



jl a ±& j»_jlt (_ji S j£i« 



(Tsunamis) t^Uj** gi^i 




^oLjj~> p-ijji ,js-i (jjjL) vr— ^ J^i-i 

.x»l duli c1uj> ^\M »Lc aWy V>^" tt'j- ^' °- ) -* i - Lu .j~° c ^i J> ? AS l^'j*" ls^! L^jLcLajjI J-zw t-Ijj! d>* BjLe ,<■» 

^otji~< a~<la » A« « <iiL<l <L*oLII ^ic IgjSUJIa aJ»>^ V* * * * * (JJJ 4-uL>jll k_iU^JI (jo <U^vJ> A&£ Z^uSls r^J-o^l BJA 
OjLIJsuJ) l\ q£ 4_>oljJI 4_da_i*jJI Jj 2jJI ^Jl ^oLjj~< OjI>-io jH^ l3 V"-^*"-" <*-^J^9 <*i!>b-*JI 4_J>- a_ll( -jJJVJ (C^^ (***"' J* 

j Y« « £ »U dJUll ^oUj~>j \^^T »Le ijljLiJI vj-^ j-*"' (_r°'^~' ^ U_jj~« Jj^jJI ol» ojJI£ julli S^o.^l Sj-illl j 

JjaC J I 43UaJI (jj iujj 4J-0J t>" 3 -' ic-^'j ^J-*^ '— '-'VjJI iJJ2\Jl JJfc dibk'iil OJJS i_t.w (jl Ujjj L&Sj i L»~>l (3)"-^ 't'9^""!" 
A* « (jj jjiSl ^Jl J^u J3 lju> OjJJi£ OjUj~> dilj OjL>jjj ^Jl Jjjxjli Ifjli «-UI ~Ja~> ^Jl iilkll sift J~«J lodiCj oLil 
(jjjj \xojj dilJSa a^ Y « « ,Jlj->- ( ->-jil LgJiL AJjl; <£jjl>- ljJ>- vJJ^ll ^J»-jll JjJaJL dllJS^ 7-I10 2l OJA jjjjija iclw / a^ 
s-^Jajj lgj>liol icj~< (jli icLdl j jlko^l OjLjlo 4il~w xJaS Jj«j s-^JaLill ^Jl ^oLji~> jLk5 -!-■ ( a_o f ilp [ajlxS Jjjia <*j>lo 
i_ij-Aj (jl Jji » V« — Y* ij# Ig-clijjl 7-jljJJ 4JMaC <L>jj •^i-'J 4iMaP *ij Bj3 ^1 Jjj>ol> 4j>jII 0j5 (jli '•-JajJI jj 
oLul (jj SvjJO 4_w5 (jli s-JaLSJl 4_>-ill BJA i_ij«Ali (jl Jj*JJ ^Jl-* «-L^>j«Ju j^IjjjI BJJS i_>jjjua s-JaLSJl Sj-Suj 4_>-ill 
jjjo ^>-iil 1- g-*i. o \ (jl ^Iji^j (j^alii- (jj (jl LajLj UjSJ LaSa d)La-«<2l (jj JjjjS <LCajj>^ 4aL><j j->ol!I (Jl SJjLc )t3jjj 
Ss-L>Ja «• JsLiJI J^ (jo dJLo^>*il Jj^a.>^o >»->J l?'?^' ' I -^J^' •**# T.J^ (joljJI 6^ 1 ^-y- > " ^A^J T* — ^ a LhW rj'j^- 
. _«LJ»~j 1 LbJ (jl s^jj A3 »J£ 4j>jjj LgJ)Li>< jjiij' (j>>Uj| aJSut^j <>.g...,fjj j j i9 _jLJ»~4i ,LbJ (jo 4_uLlll 4jyul J a~<a 1J * _>>UJ' 
^ill 4jL>-I~JI JajJI aJijw (jli <Uj»««j (JJJI jj-^alJ IjiaJ 7r'>°^' °- ) -* S«jk>J 4>ajiJa Jj'il ^ic ^l-Jj-* cIiMj (jj 6>^-V. 
4ja^ij 2) (j£ CliLojLu J— i v> (J^jjU-LI SJ-Scs ^jL^JI Ja^>>jJ I PL3 A>- l_iI vcuail ^j-iuiij (j><^jUo n^oj ^UmJ (_>jyuj 

.jJaiJI i_iljjil Ju£ Jj>Ij~JI (jL5L< 4_xjuJ ^oLjj««< (jj5Ji «i aja C-L2J I ^ic 4jjljjj»^l 



OLkj^ll (Jft Jj^l c jaJ 



n 



jl a jII jijlc. (j o j£i« 



(marine currents) ^lp^i cjijudt 

|j-J». Sjjj5 OjliL/j ^Jl ioiwoJI 4jjUI JaSLII J2JJ CjIjLjJIJ Ojlk»j>jJlj jLvjJJ 4_ulil JaSll Oj.o.u,JI iSpJI £>p SjLlC ^A 

JM_>- s-ljjL.j'il is_>- l —]s- k_ji^J ^lll j>-L<jJli -x»lj (jlSLo ^le viols' Lie k_jugji All — Lj_jJI Jjuu bLoJJ i^j^JI ol» r>^"J ' 

^icl_j Lola 4_ujj<JI t-LjjJI J->J 5-1 *J~>*il Js-*- £>* jL*jj*iLa 4j5jA1I 4jjiJj*JIj <U5jAil 4_>JL£JI 4_>jLvjJI ^.LjJb ,j-o«-<J pLJI 
BJJL>^ OjIjL<j LjJ 4_>j^oJI OjIjUjJI (jl [jJJWJ 4.oJp.'i.'i.o <LSj^- (j^SJi iSj^JI BJJSa 4_uJalll 4j5jA1I fL)jJI J->a3 i__iUa5*il die 

(j-SJj ojIjLjjJI ol» «-LvJ (jj jjj^ j±e d)Ll»j (Qyr6S) culjjjJL (-0— <j ^i 111 4i!>Lc 4jjjIj i^> Sy*3j Lpli dlJiSj 
JLoJ. jLuj East Wind drifti>5j-iJI ^-LjjJI jLuj West Wind Drift iuyUI j-L>jJI jLu ^j L>L i«~^j i*j~< >^L» 
jLuj the Peru Currentjjj_> jLuj the North and South Equatorial currentss-lyL^I .Li- vj-"-^ jLuj s-I^L^I Li- 
j Sjjj>.yi ojIjLoII (> Ujjij ouljLcUl »1» (^jj^-j Gulf Stream dLwiHI ~Ji»- (j>>« jLjj Kuroshio Current^^S 
i_ijLic bUvjI ur&zj ^JUwJI 4^J>j*il SjiJI i_iLaJ j icLJI vj^ »Lvjl ,*-o jjSi 1&J>yi\ Sj£JI j ^iiLJIj (jjLJI oLaill 

4_Sj^JI 0J_A Cl'—LO-^ I j I ,j«uJj_)«iS^ Jjjl_wL>- <JL*JI jj* jj jl IJJS i_JL$aSL i±J->o (jj Jal a ^jaju>jl S^SJI i_JL*J j 4_cLJI 

. (j^UJlJjlS jjjLu OjI iLjJJ 



dUaia-all Jc (JjVI «-j^l jl a jll j»jlt ^ o j£i« 




ojLLj.>jJI j 4_>~<jjjJI ojIjLjJI (Jjjj Tt— \ J^-i 



l_5j— = ?"-* )'— r& ^i— oJ L^j'1.0— -^ j 4_>>_>uJI OjIjLuJI OjjULuj L»>i*j Jj- 3 *' U^J <•! tl>L)J"^ 't'-.'""'-.' <_p~^' '^-^ '"II 0<_3» ^JJJ 

i_9j_*j iiu->- IjJJuJj LuUajo ,J^-lj~< Jl jjj-iJl j->^J "-hj^' 0-° ^-^-v. 1 — y-* - '•j'^ j - W^ ^_y-° ^-^J^ Y t ir'j^" ^j'j^" 

J_jUj Ljjl ^Jl .ilwfU I r>J->- <Jy>^o jLu ,*-« iojUJI 4j^LjJIj s- JjJI (jl ^ 5-LjuiJI J SjjjjJI u^jl-3 j**j (_i^JI j Jjl*o 
sj_» (jU ii_>-!>Li L&Sj. 4_aLjII ola JL> ja I1»j t_iLJjlj jLLj^I ijjiij olSISjJI dio^i jLoAll (jj <oUJl jjUll «-lj^Jl 
j_L5l1I i_i"il 4_uI1aJI jIjJLIj alj_gJI >i)j->^j *ijj LfJ^! 4_>_y>oJI SLj>JJ io-$-o ojIjLiII oi^i aj&£ culilwj dlj^oa cjljUill 

4-fru.ljJl CJljb^l 

j->oJl 0L0 Mloi Sjlj^Jl <L>jJ jl SilaSJl J cJMJii*-^! 4j^j1J lia^jAj ljjj«^> s-Ul JjaC JM>- i±iS>3 JJI i^jIjUjJI ^a 

4j>jL ALj k±j^> 4iLj5Jl J Ji^l ( ^kLLL^I ix^Jl sLo cu^J (>>_yij oU^I J ?jj»- V^ ,jJl>> Lf^>ji» AJjj ^l Ix^^jlII 
jioJl <ul&£ jjjj L« t_iL>j jL> b~syl\ j jj-LllI (j*i Jawiill j->oJl <L>Jj oJ^j r~^J^3 '— *^ ^i O^S" ^ a L^'j^*" ic' 3 ^ 3 ^' 

(jill CulilaSJI J ij^lla-'il Ljj^j U5 dllj (j^ ji-lljj oLxil 4j>jio ^ Jjjj Loj Igila- jr'ilo^l dJjXi L^jli oLil j->ojj LojlCj 
«• -iuj Loj ixwijill j->oJl bLj Jjji JajUa il oLj yds dilJSa JaJilJa'il Jsu^jJl Ji~>i 4jLu£J I J3~<»jl1I j->oJI bLw u^lC 1 t j ^~*V. 
Lalu jJsu-JJ 4j>oL)j 4jL3LS5^ J1j s-jljJI s-Uli 4j^Ij OjIjLu k_ *ju»o Sjl_y>JI t_i!>ll>-l (jli dllj^j s-UI j-k-> k^L>J 4jjU OjIjLu 
ix>j>jJI oLw (>>v-o LoJJuC 4jli 111 iLaxo BJ^-lj 4jjU ilj^ OjUao^jJI (jl Lojj C-L2JI ^Jl kj^jj JjjJ 4jill$ (jli JjLII *Ul 
JjlC JjLjJI 5-Ul (jli CjiaJl ^j.iij Ja jrJa^dl Jl JJt>«J4 <(jiLl^ Jili s-LLl (jli 4jJjjjJ| ^jAll 4j«^il Jj«Aj 5-lilw^l Jsl>- ale 
SjaJ -rJJj Lw j^JawJI ^Jl jIjjjLwL OpL^JI s-UI J^-j J->jJ s-Ioju^^I Jai- jj>J L^>io pUJI ^Jl ij&yui 4jiLj^ Jjjj k_iUai*il 
(jj jjjSlIL Moj>j (j^5u -^Ja~Jl ^Jl (C-^'j^' jU*" Jjt-s y L»J-i*J s-lyLj'il Jai- Jl i_jLki*i!l (jj s-lil Jliuil (jj 4iMfcC 4j~>Ij 

.4j_y>oJl OjUlSISlII (jj JjJjJJ 4jJj«jJI ^L/l ^A -ill OjbLillj »lj^JJ s-IJjULj <Uii!l i_>— » I jjj I 
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Seafloof 



iaja aJl ^^i Ajjij'ijjI CjI jlilll jLui« (JJJJ \°- \ iJSai 



j->oJl Jl <Lfij»«<j oLxJll Jl Juu aj «• Jalj^Jl -Lc <>Jf.-vlu -r\^a2\ (jl al*j L&SiS jil >- r JJ~<J 4_uJaLiJl iHj I «LjjJ I (jA*j ~uul) JJ 
al 4j1oj (j^>jlt£ lol LjiSlo i±j.L>o JloJI J J-^J Oj->o (jli LJLc ^lajil ain.-vli l_£j (ji^-ri ls^' s^Jala-iJI (jAxj ^J ij^Jj 
jl (ji>jli*Jl BJA (_«!>■ s-jLS^ JfL'lu oLil si* *j^*jl) LoJjlCj «• JaLiJJ (^jljJ J^-i ^j oLII l^j >la>-3j 4jJ-oj OjLaliL>JI 

-e~*ji Ja->JL (j«<Llll (jj jjj^JI SL>- jj-#j Uj 5-UI j->j Lf->^» L)ji l.tu iiiSLo jL^jj (ji>jlaj<JI bjj» (jli 4_JLo Jl ojLs>Ui»o2l 
^Ic (jjjjjjjJl Slij (j-c J_aj-Jl ojIjUiII (jj pjJJl ll» (jL^ ollj (Tip CUIT6nt) *iaUJl jUlllj ojIjLuJI (jj pjJJI lla 



Waves 




L^jaJ^- <UAjSa 4_jjJaLiJI ioIjLjJI (Jjjj V"\— ^ J^w 
-jJI OjUjISLIL 4a!jG1I 4j_}JJ>JI 4Jj~»^I li! CjjAj 4_uLja*Jlj 4-ul.;,o.}5'.llj 4_t> jJ_jjj>J I ilL-.'il -Lc 4jL>)!| (> LJy-gjJl 6' •*** 

(jl 'ijl v^^ 5aJjL>JI 5j_y>oJI cjUjLSLII lS 1c uijj*jJI J oJI Jji ijSJj l$_i eA**3 ^1 4_>_y>oJI 4joJI ~o!>lo ^Jjj oJjjC; 
c_>ju-< 3i_ywj ijj^oJI 5-Uj>^!I ol» LjIjJ j IjjjS^ [jjjJu~> ll» (j"i ojLjjLSlII ol» J->-l>»J iiliiJI (j5L^I ^lc tjjjiij 

. I_£J OJj^J-aJ.1 <Lu_$5jjJl Cjlji>oJl 



jLki^ll ^Jc JjVl * jaJ.1 



jl a ul j»_jlt (-i S j£i« 



4at*.4.»H sUai) ftljA) ftH^ 



Intertidal 
U- zc n s — -1- 
J |- — Neriticzone — * 



Pelagic zone 




iihid\ oUll »(^j.| (^jjj rV-^ Jiui 

(the intertidal zone) ^t 4&aL> 

(str9ndlin6) s-^llsji jx>- s^iah j^u ju ( jlci jj>o k±jjj>t y±>- jsij jw LS ici ^ Sjj-a^ji SaLhi ^ 

-Ji-ojij" (jl L^JuJ» .-.I.O.o.; jjjvjl J->o Lo-liCj «• JsLiJI >i.'.;.cl o J_Lj Oy vJijJjl <j-o 'jJJUO yla_>l <0 4 , «ji3j~o i JaLiJI _).£ 
OjLj-^aII Jjlo OjL)jIa3!>UI (jj BjJJ^ icaj^Jvo BOaLwj IgJLclw dlj^uftJ duj> s-UI Lfift j~aJ>OL) l_3»~J .jllI HI 4aLJlo J}L» 

. jil CjJa 5-UL jjjUla jJ->Jl OjJa <_iUj>Jl <L>l»l! 4-%i.g.o (joSji .jJ-llj. Ojbii-jJla (jljjjJla 

(the supratidal zone) -^t ^ 4&ai> 

(jLaSlII iiiiaio Hi iiiiaill ol» Jjjj c1uj> jil ,JLel iiiiaioj ,c*~<J iSJaio jil 4JUaio jji <jl s-HalwJI Jai- { A&\ xJU 
i^jj^mjjj (IhHJ-^ - ic'l ifttudl ol» fwAJjj (S9I1Q QUI16S) s- JaLill (jj Vj*"^ J->"lj33 ^lll jjjt-sJl <L»lo Jl JMjJI jl <L»1o Jl 
j ioJjdo (j_jSi3 5L>Jli 111 t-LLSJl Jji r-lj-o^l j-^iil 4j>jIJ ,->Jil j'j Jl "4^ jSUi; (JJJ'j '•Ul (JJ "rMj*" *j^' ^** 

jjJa (jiuLSoJIj ojIjjj^wJI (jj asp UljJI (jli <LLo Jl (jLuSJI <us jjj-lyiij (JJJIj s-^LLiJI (>£ }LJS jju^I =j->JI Ul *j->JI ll» 

(the subtidal zone) j^?Jt Ji**i ^aL> 

OjUliISJI (jli IJJ -rljJil LfJ JaJ>X> ( ji\ 4Aklll ^fto. oLdb ^J J oLkij ,c$J 111 HI iaklo Jiwl Siklll ol» *Ajj 



jLki^ll ^ JjVl ^JhJI 



£^ 



jl a ul »j^£- /ji S j£la 



( the pelagic zone ) ri 1 ^ 1 j 3 ^ 1 ^^* 

4jl>L1!I j L>! ibUll jJ->JI Ji~>l Siklo ^Jl jJ->JI J*->l 4ikxo (jj Jjloj c!jjj> OjIL^jJIj jL>oJI J jJt^l iSLklil ^»j 

cuLujUl j d)Lo-«>'il (jj 3iIjL»il pljj*ilj ojLjjLSJI (jj j->jj«JI j jjj*JI Slklll sia j c£**i ^^ I jJ .kjj>jJI <jj tf^^l 

<Ujja1I 4aL11I ift Jail ijjfcjli oLil JjjJ Ljli {jjuy*>jjj ijjjjj* ^Jl ~-jJtiLll j->oJI 4jUaio a^JLJtja (. OjUjISlII (jj Lftvjia 

ll^ji &lhi ^ luiiii satudi u (ijisji cjjji jy ii ji. r- j^ ^i jm 3 (nearitic zone) 

. ji, y«« 6- ia** jS^i »lii o-o^o jt\ ^j (oceanic zone) 

(nearitic zone) 4-uj^t Ailai^i 

SjjL>^oa a Lju«<J 4j->wi 4lJalo [C*J (JjIaJI <_9jJI jji 4*3ljJI 4aLjII ,-Aj jJ-*JI Jj!~<l 4aLJw i_JLL»- Sj-iLo *Aj 
(_5jL>^oa jLjJ!>U i-juzw LjJ*i LjJ OjUjISlII SjJtS^ >- r *J~"^ 4Akjll OJA j i±jJ->o 4jjL>oJI Ju«^jJI OjLLc aJajwa diljUJJ 
CuUjLSII s-llill ^L/l ^S> -gjJIj <Lul^JJ>Jlj <LjLJlII plj^JJ iojMII 4ajli*JI jljll £yo JLiJudb ILo^o (j^Si ^SJI Jjj«JI 
4_)j->oJI i_>LLc*ilo 4jj->oJI OjLjLuJIj 4jjLJl)I i»ImJI f>*Ali cIju^- (j«<j«2jJ &~oyus (j*& 4JUaill BJjfc (jli dilJSa 4j>->oJI 

. dilxSlSiJI i—jlcl 1- g— i.Lc- JjJJy. L^jJU 4JUaiII OJJS 4jJ*-LiJj (jj JJW Lo ^jj«JJI 5-LjJI 4j1oj«j 

(oceanic zone) AJa^i Ailai^i 

(Jjjo~<jjj (JjjaLjJj ^Jl a~<Ali I. g— >t.C-i 4jU»ill BJAa 4_>-jjtiill oLil ajajw Jj^jj 4jjjaJI 4jU»ill i_JLL»- 4_st3 1 aj I 4aLjII (-A* 

li (photic zone) » t5 -sai *>>jl L5 *^ ^i <lji j^y. lsjji i»i=**ji 211*111 ,> *>>jii ljm* «^-sji aia ^i l+; 

^«za3l jj » ^ > > [Jlj->- 4jj«AII 4jU»ill j^C J=u«<ajLO iLy *^J^>- ! - L r"=w Jri*" 4 j-?^W ic * - *"^ 3 «J~flJI 4jjl J-^V. * l5-^' «■ Vj>J I 

s-ijjl jjj>jJ 4jo«Ail 4aLjII j j^>" <-^-j LxjLSU f oJsjw (jli IJJ jjj Y« « (3** (Jl J~«j j5 4j«All 5xi» oLil IjsiLii di*iL> 
4iLJdl j cjliSlSJI (> pljj"il uA*j jjj-lyo dllJ5j SL>JI (J..L.I ^a ^lll (^jj-^JI «-UuJf 4j1** j ojbLill 4^>-lx>J (jjJI 

oLo (jj SJjj«jJI jLc*il dilli j cAj*-" (pJI OjUjISlII dUllali ci*jj> OjUj-iUla jL>Jla (jljjjJIa dJL-^'il Jjlo 4jj«AII jJjUI 
4jj«b ajl_>. (jLlwIj «_4ilcs »j L^J -jJIcs 3 iLJua «jl 4fi.o....' Jjlo 4-aliaJ I 4jjjJI SJJ5 ^J ^jijjO I (jj I.^-'o.oj 4^aL>' CjI iiXi Jaj^jJ I 

bUo^I (jjic »i L>1 d)L~>'il (jj (jji.^1 pljj^l t>A»j (jli diliSj aMJall j (j^jljiJI v- 1 -^ '-f J ^ J*l s - ( _s-^» p-*^ dUiSj 

.iljjjl 4ikUI (jjisiLJI ojIJaIL dJLto^l j UjlcLu (JJJIj 

(benthic zone) jjgjjfl Wold 

4_Aklil BJ_» p-J>_j diJJ> JajJ>voJI jLcl (5*ffl jjl s-^JaLill ^ic BJjJfcjil fUJI 4aLJlo (jj Jjloj 4^cIUI 4lLjiII iljA^JI j 

(jj_<j pUii j ^ju-^ (^-ii ^LbisJi oJ-Aj (benthos) 4_^mi c^LuLsjl Lr o~o ^i ^LuLsji ,> s^ i^y^ 

. pMJkllj oLoil 4J>iikoil Sjljj>JI 4j>jJj '•LJJ (JLII JaAJjl Ojl>o t^ujJJ Sjjjxlo 



ClUaia-all Jc JjVl «-j^l jl a jli j»jlt ^j S j£i« 



(marine environment) ^lp^H gj^gj 

s-^Jala^JI ^uia PjJJ s-jJaLiJI 4aJsJlo j Idle Jjj-Ijjli 4_>_>J I OjLJjLSJI »Jaj« (jli LjjSj lo5a JaA^jJI oLw «- 1 \_»- 1 »J~<ij Ijj5j 
. I_£J (_AjJ«J (ffjJI OjljjlSJIa s-Jala^JI <U£jJ L jift 4j«Jj««> SjJaJ l jHj uia~*9 IJJ l_£j JJJ-liXi ^ill OjUjLSIII <UCjJ (JLc 

(sand beach environment ) ^lajfl »^iai>AH ^-^ 

4jJ.l.a * JsIlwJI BJJfc Ci Ijl;.i.'> a >_'....' la J I (jj (JjinJla cJlotJI y* (jafu.'i '— '->'>' ^jloJI *\j3lj«£Jl , «A <L9j>*ll » Ja la^SJ I j.g—'l'i I (jj 
<uJalo j s-^iaLiJI (J-Cl (jj SL>^>JI ^3^3 '-"V-" 9^ OjUlSISlII (jj JjJjJI JlojJI j (_>2ujtia fl<jJI jl oLil 4ja^<lij iSj^JI <LLg~< 
(JjLi ,*J-oa. JUJI *jj->o j Lftjajj*- .IcLaj [cjJI (jiuLo^Jla diljjJfcviJIa jUkvi^l (jj JjJjJI J-><J (_9»~< 4_»loJl (julSJl 

^1 ojljjj»viJI LfjLj Sjjjt^JI 4jLjJI JMjJI <jj (J_jJjJI !j->JI jLO"il J}Ll>I Jl>-Mj ^x> 7-1>jJIj «-UI J-*^ «- L -tlj^JI 

oL>o JawI ^JJ jJ~JL Ljjj.o.'i..,,f I ajat (jLuSLII (jj ^JjLdl 4jUaJll j ^jSjLSi^JI 1- g— i.L<a (jl-uSLII oi» Oj|s-LL>oI JaJa ^ic ajoli 

J oLil ^Jj jyu (jl Ul L^j cA«-*3 ^ill ojUjISlII (jli jl>JI JMi- *lil l.g-'<.c j^l>jj UjJlc (JJIj all iikioj jjj~i oLil 

s-lil ,*ijS_a (jljJjJI Jlo all JM>- <Lul5 sldl Sj_a^ ^JJ s-Lli-'iflj JUjJI J jA>JL <»j2j j-»^I oataJlj ail Ji~<l 4ikLo 
lg_$3 ij*Sutj ic-^' 4JUsuJI ^»a jJ->J' Ja^I 4aLJlo j (SU IT Z Oil Gj ^Ij-a^l aioo 4aLJlo ^Jl jJ~dW LjjjJJ~»l jJj ^^J-^jJU 

^ic (_«i>Jlj aUMJ dJjj>oj IgJI Jj iulS oj~«jJ 4JLLUI ol»j s-^LLill ^lc s-lj^JI ** oLil JaMli-'i i>ojiJ ui>jjJI j->jJI Jjj 
(jli dllll ^_i3jjLj "i Sjjju»<j iSj^- J 4iklll si» j *Ul (jli dllll jj>IjJI a_aJI J jJ->JI jl ail cuijJ L*jl> s.^LLill ,J^>oj 

s-Luii-'ila jij>JJ d;ljaj>oJI (jj JjJjJI dJJjuoj ^$3 111 iojlj (_L«liP j (J*i*2 L^JLSa 63^-" 52Jaudl BJA j lA**^ ic^" >^- | l-"I^JI 

. 4Aklll ol» j 4j_J«JI r-lj-a^l f- 3 -^ J-*>^J dllJ5j OjIjLuJI Jmu c_9 ij-»-J*il V"^jJ JUjJI j 




4j1oJI ^Ij^JI j ijiojJI (jUiSHI &kL«rA-^ Ji^. 



jikj^ii jjc. JjVi f.yJi 



tr 



j\ a jII jijlc. ^ j£i« 




4j1ojJI 5-^JaliwJI J r'Uo^l jj..,.f5-'i 4aL1o (Jjjj V^— ^ J^w 



■urf zone 




Igj BJaj>iil CjUjLSlII aJ&la 4a1jL>JLI 4jJjjJI «• Jalj^JI jLlio (Jjjj £ » — ^ J^i-i 



jLki^ll pic. JjVI «. >II 



££ 



jl a ul j»_jlt ^ o j£i« 



(Rocky coast) ^lp^i j^t^Jt ki#-y 

jiiwaJI (j— » (ja_5uj ,c-"' * Jo\yM\3 4-iJ..^n.l I >t>w2ul £yo (jiSJili .^jJU »JL*JI Ji> <L(yiw2ul * Jslb&JI (jj JjJjuI diljJ J-* oj 
(JiLJl «-V>Jl ^ft (jLlill BJAj «• Jalj^Jl oi» j SL^Jl L#-j3 jjJJ jJaLlo *jJ Vujj L'i.'i51o.;a 4_>j^wsJl J^lj^JL -o..,,t.'i <uLoJl 







te& 



1— frliaLj ,«-)-* 4JUaill BJA J..^.->o >^JJ->- ^Im2I jljj "Ulalaj ,c«~V. l ^ J J- > " M 3 ) LS L^Ls (j_^V. J -^' <uJ»lo £yt (JaLJl s-V>Jli —I 
j—jSj 5-Lb.C 65-^ iT^'j ^fjj"^ *lj«flL>Jl i_JL>JaJl jjjj 4jj^Lo 4jlu jijJ 4jJa Jl >i>waJl BJAj 4.oJp.-vjJ I ^-lio^l obj jljj £>■» 



jLki^ll ^ JjVl * jaJ 



£0 



jl a ±& ajlc. iA % j£i« 



»aj>v*3_ll (C-I-* ij— o ' $ ^-fi . f'J-*-' '— <-!- -fc k_uL>JaJI BJJo /c^* i5J-*23 ic-"' '— 'Wj"*'_r' O^V wJLxfta Jajjjul ^JJ >— >LSL»J| *Ajj 

.L>oLp)lj 

BJ_» Juj-liXi t±Aj_>- 4jj->oJI i_>LLc*ila j->oJI 7-JjJ j^v-aJI JjAJIjj UjjJ jj^lajj -cJ-Jla. jil 4aJsJlo (jj Jau^j 2 1 5J->JI J Lo I — 1_> 
^JaAj OjLJjISlII 0J_» (jl_3 j_ll Jajjv JJuCa UplSLo (jj Igjiljjjl -j-laj'il *jJsju«o "i! ^SJ 0JjJ<i 61AJ jiiv-aJL 4JL£»jlLo flaj^l 
dLjjJvjJI i^Jjb £>£ (Jj-AxJI C-jLuUla »ImJI ,JjS 4->JjiJj'l 4j^j-£jj OjUlSIS' .j-^ 4jJAjl1J bLII fjJsyj I $-'-;-•>• »jAj >^-u->- *UU 

jJiCa s-IJjUl ^Ic Ja^sJvJJ 4jj_>oJI > 9l»i— s>"i(l ^Jl Jj>Ij J-^>Jlo [cjLo jUj 4jlC 7-H>. Lo J5.W.I I 4_»^jJI Igjljjo"} aialui la j,o.'i..,.J I 

tjLxj ^J IJJ uilLjJIa. 5-UI jlil <tJ>jj« ija^j icf 3 >il!JJ OjLcLj SjjJ s-ImU 4-J>jjw ijaSj' JjAJljjJIa jL><jJI (jli jJ->JI JaJ->- 

(jli dllj «ji ojL/jjaII (jj dilj^ < W J> -' j-*-^>JI (_k^'j^J ^3*J' 4ij-zaJI (jl I&S'l < aL«j>J I ylxij j-»^JI ,*Ji pl^^W L^ilJ^I 

v_*^> jijjj j-jjL 6-« i-i^L. ^ j^ijJi 5i^ j vi^ 11 >* £*^ (N u eel I a lapillius) ^>>>ji *3iyji j*i 

<Ci*iijjlj JjJvjlwI Jjjia ij£ 4ij-^>JI j jJL>JI *iajij| ljj» Ijjj (jl JaS JjJLJljjJI 4Jj-^> i_ft*«Aj .jjJIa. 4_>jJa1I 4j'jji (jj ^.Ao.-> 
ja^v^aJL j_>oJI ^Jj J-^j-lL k±>j_>- j->oJI ^-Jj ij-o SjJJ^ jl.icia 4jjJ*jJI i_>lAc*il jjj-lajj JjJLJljjJI J->-laJ' 4jU»io Ojj>j Lit 
^Jj 4_CajJ><ja JjJLJljjJI Jio dljj^ 4jjj«jJI ^JVj^ijj' j->oJI T-JjJ Z^ <J"**^ (_ilj->o jI iJJ 4-«<iJ *JjjJ <^AjJ -is «-»■ ^Ja-^ljj 
~_L ^_Lc dllj_^ (jlijJ ^1 J JjAJljJI 4JJ-zjJ 4j5L11I *il_jAll Jjlo 4aLHI BJJ» ^Jl CuL>jjilll (jj JjJjJI v- 1 -^ CJ* 3 J-*^' 

^yjij (Tautoga anitis) ^ijj^ji Ko~ji jjj^j jj>ji ^l (> Sj^ ji^i js. ^ah* ^jji^ji ^ jjj^j jj>ji 

i_jLj_cL aU-j_ll 4_uoJl ^_JL>vkJl (jli dilJSa L^J->-ljj U sUpJIa <_il,X£>*il j.;..,,fiL'i (jj l. 6 '-'i5.o." Bjj^olo 4ji3 4_uLol (jLlwl UjJ 
LftUJj (jl (3-5.0-; j^v-aJI i_iLlcl (jj SjJJ^ icajJ>>o (jlj jil (jAi>oij L.lxCa jil ixwa 4aLuj j (_£a*j L^vJ (TOCUS) j^-zjJI 

^j^JI cuLjjLSJI (j-o jjjjJJ LL>JI t_jLlcSfl i'jj> jSy t±jjj> ( M 1 Q T 9 St pad) iSL-,Ul U>oIjjI JjjI? ^ jji^-^Jb iL^oLo 

7-i3— jJI yiJ a-i-bJ' v^-isjl L_jLicl jjL9 J-ll aJJ«J Uj-J-^a jljjjJIa *S vuv^ul OjuLLj»Jla x^laAll Jjlo jai^sul jJjj a J-* cA^-* 

. 4_ula^JI L^LSTl Jj«aj 

: (lower intertidal zone) a\ uli. 6- ^^ui *>ji -r 

4_jli J_ll (j^LftiJI JJjS 4jli dlliSj jjifc-zaJI j~<ij ^1 s-ljj^vJI t-JUvJsJI i^>Li>-j i_JL>JaJI JJ^J-J 4iklll si» j jjiSJi ti-uj> 

1_JlJL>J3JI (j_0 J_)JJ«JJ 4j_wLlo 4_JLU (ja-5u [p-JU ^-J.-^' >*-*^W iC " 1 ''- ■' LT^'j 4 ^W 4 -^-'-»-l I BjJJUflJI jA>JI ijAlU 05-1 )» wJjJJ 

SjJjLoJI d)U~,*il dllj5 j OjULLj-JIj »5lyJI Jlo OjLjIaSMJIj 

: (subtidal zone) jj^ji jjU sat^-j 

(j_aSj 4Akill alft j 5L»J»J I ixjLiI 4AjjJa J-oil (jli 111 Lojb bLJIj Lojj SLkio (jj^ji dijjv jjjv (j-oiSl 4aLjlo 0>j J^_JJ 
j~«-jJil j_ >oJI »_ >o dilJSa i—jJIjvJsJI ^ic (J jjijj ^jJI »ili&lla j->oJI JAJi 4jaj>-!>lo .il'i5.o.; ti-uj> ^wJ*il (j^oajUl Jjj^ ij-* 
^Jl jj->JI < _jLft~» I 4JUalo (jj j->oJI flJ»J d)jJ>oL) oUil /<-*JjJ' LoJJjtS jil bLm (_>aLL>JI al ale 4jSjJV j |»5L>oL) t±JJJ> jaJW-aJLj 
(jjj 4jjjjvII >*oJI jlj->- J C-jIJILwJI dll J5a 77j-^-ll 4ii.o..,.f (jj f ajj jjvlijj dl) 35a j->oJI 7^5 jL>jJI ^ic (JJjUjJ jil 4aLJj 



ClUaia-all Jc (JjVI «-j^l jl a jil j»jlt ^ o j£i« 



oLil (jj 4-ojUJl d)Lo~>'il (jj JjJjJI (jli dl!j5a t(JJj«JL>J 5-Ul ^JJ 4jLjl>J (j^Li (jj j->jJI jlj^> 77J-*V. l ^i J> jJ->-^»Jl JUS-^ 

. ^ULUI »ift j SjjJ*-_aJI OjLjIaS^UI (jj OjijJI ^ift (jliXil 4iLJil sift ^Jl ^jL> iLjjjJI 



(the estuary environment) ji$-&t ^^^> k# -r 

Jaj-j><jJl bLjjj 4_»1»j I— fl-tfl JaJji-io (j-*-"? J— $-*■" f^ • i - Mi CjLLuj>jJI J i—j-^li 4jJj«JI jlgJ^I oLw (jli Jj>la»«< SjX JiL J^ 

Cj I— i.;jl' I j-J" I ij— » V— a*J 4jujJI Oj-Sa jl^_>*il CjLu^xo 4_ujlj _o — 0" 4_>JUIj 4jJj«JI oLul (Jjj <LbjJ-> <L>_u <j_>_> ifLj bu U'.o-'i.'V-iJ 

. s-llilL 4->JiAJI 4jluJI ol» j BJJj<jl1I ?IjJ!>U jLi^JI jjjj cluj> OjL^jII j 1- g-^i-;-» *~sl> OjUjISlII Jaxji 4jj>LuI 

*jUjIj JjJ->JI v'- 1 l-*- 3 -^ 4 -J~> \ ° ' * ' [jJI ^ • ♦ • • ^JljJ>- ilo jJ^-^l (JJjlaJl j-^utll 4jLfJ j OjJiSji CjLL^JI (jj JjJjJI 

JajJ>jJI (jj iojUJI <u!ojJI i—J-JajJI (jiuui JaljJfcJIa jlgJ^I olail jJ-*a. 4JuL>ull 4_J_3* IwJ I jJaLUI Jajj>jJI lj^ oLII i_>a~aj 

J— »-aj ^jJaLwJI JJ»-L_>JI OjI £_>■ J_3*l (j_a3 4jjJaLiJI j^-li>JLj ^.o..,.i.'i JUJI (jj ^L^k <_ila^3» 4Ji5io s-JaLuJI ^Ift k_i~<jjj 

CnUjL^o— J (j— o 4-;.o. , vj L^_>^ 4jJUb 4jUaJj jL^_>*il Ci u-aj 4jdajuo j-ujCi . ^ajiiul jja-jJ I sLw _)_>.v o v> jl 4_i_>LUl (jja >_i,.^\II 
4— •vj.'-'j 4_jj^fcjJI OjLjIij^Jla OjLiLill (jj 4jtwla icio^jJ Lyv^ 3 I-*)- 3 * LfJ-*-*^ Lm ^.JaLiJI j-»-L>JI 4ia^<laj 4jja!I .jjaj"}! 

. iluJl oi» J I ic*^" ^ilxivo OjJJ^ i^J^* 6^ •^'•^ 



Open ocean 
(ocean side) 



Barrier beach 



=s-._iary 
(bay side) 



Marsh grasses 




Ma 'si is and:. 



I_£J (J*>tS*3 iC""' 1 -^ J lJ->l-J-''j y-$-> * I CjIj^M 4.UJ LhWri i ^ — ^ (JJ-tl 



(salt marsh community) a^uji cjuiil^i lhj- t 

4_J_aiL0 4l>wkll oLII j " a J^y. ¥>-" (j^Li-sJI (jli dl.;..,.'5-l I ■7^>$ ^JaJlL'illj (JjLfll ix>J3-jJI j OjL^JI (jj JjJjJI J^ l Js- 

j 5_-s>L>- jai Jjj^ 3 6* 9-^L»^U cjjjII jjjIjJI iojUoj f^>^>Jl jj5 j 4jjA>JLj jjjjij (C^'j (Sp9rtlll9) 4jLl>JI L> iuLL>Jl 

i— i-Utf— i Cj UJL'Ci— .— 1 1 (jijLw—a- ,4-L* t5JjijL> 4jj^oJI OjUjISJI (jj Jjilllt a~uL>JI t\^- LftJvkiia 4_^>Jil OjljaLJI JjAj Igjltal 
aa_Aj »JJJ— )->• ■ 4_^>-lIJ^ll 4_xjUjj CjI—jluJI (j_o 4_>JUl OJ Ut2jju » — 1 1 4jlu >Jji*J wUJ fAX3 ^^ ^5L» j| <U»»<j frlAjjIa l_£jJa r ji->- 
^J» j OjljjjJIj OjU~>ja1I ^» (ffjJIj 4jJj"^l Lfjl^JJ (Jl *Ul j (jiuLw^JI ol» (jj ikiLwJI s-ljjj-^lj jljj^ll Jji>ob LjjiSjJI 
4_>lijJI 4jj>u_wjj OjL»jL511I (jj JjJJtlJ Lull* ijJ~oj> LftjjJJ ^-^ (C^'j jUjj^lj j.o.i.1.1 4jjLuJI f>lj-fll L^»-1Jl>J ^ill jljJ.1 



OLki^ll (Jc JjVI * jaJI 



£V 



jl a ul j»_jlt ^ o j£i« 



ol_J.I 4_SjJ> SjLjj J-JjJa (j-C 4_>j->aJl (jJuLi^Jl jji> J^AJ jL>jJ| i_il.l»i "iSy- &£■ 4j>oli!l <Lulll OjIjUjJIJ jL>jJ| Jjlo 

cjLjjLSJI L^jIc (jj_ix; l JiA\ 4_ill»J.I 4_>j~suJI j)jJLL> JL^MI JL-i5 cjbLill olgJ iSulwllI jjl>JI J**j d)JJ5j LJjj> 

4_)jJ>oJl Ojl_Jl_ajJ>JJ 0J_jj> 4-lu jij-J <L>JUl CjUaIXwII ilu J s-llill Sjijj 4jjl_gJl oLil (ji loit Cjbj-iiJl Jio 4JLLl>J.I 
. 4jy>oJl OjujISJI <jj _!j_5j<JJ <U^£>L>Jl 4jl»jJ| Lj-Jb Cj LxSJu La i I OJA ^_JU£> 4J >—'-!-''• I £-"-.!) ^ J l.g.L.t.*' -rLu^ 






Plankton 



/ / . . ) Til »^i ■• , 



Canada 
goose 



4 \ >V I'+v, " 



rv" 3 1 3rd 

duck f^ 




Cofdgrass 



Mud snails 



"Kiilifish 
-American eel 



(mud flat) '<&i\ u^jVi - e 

4_;.i.iir».i I {jJ>ji\—> g.o....t— " Qj b».n.*i.'i....t_l I ( _^o l...'1't— ~> L^j wjj 2» oulSJI -Lo jJI £>£»JI J =u> v <_2~£u-> ^J-xJI '— ',— -^.1 1 4jjj <j-o * j-N ' 
OjLoJu^s Jjud ^altlaJI <UCiD 4jLuL»- 4jj-£J Jj^ ajb loi 4JuiL>JI OjL>-aila s-UI 4~<jj oLJ.1 J->^ <— 4jjL>- ,lj.>JI L^j (J5^! 1 -^- > " 

uJ>yi\ iJij>j s- JaLiJl ,—JLc p-^'jXi *Ul Lfio^o ^ill ijiJuJl jljil (jli J=uj>jJI Jl oLil fjrjj S&3 (_i*J> uu~u9 ^lio^l 

ol» j jA*Jb '— ^ dljl jJj Jj~>"il (jjill ^JJ JUjJI Jjj>oj c=jliL>JJ JJ->OJI LjjjSj J1>o *Ai-p> Bjjiil <Uwj to ^Jl ijJjiaJI 

JJ->o (j* ^oUll i_j5>1I aAj \\\ 2^/ J J-?"3 *L>>jSJ Ju^LaJ I (jiiajJl 4_>ol « L^Jlo -r^5 «-ljj~> 4_jjL>oJ| JloJl (ji JL>-^Iju«<J 4JU»ill 

!| 3j_jJ»_*JI jljJll J-jI>J j LoU IjjJ t-LjJj -jJl 4_li>jJl 4—jjIjaMII bjjijJl Jj«Aj (^jj^-^'il v^ J 4jJ-=>J«Jl Jl_jil 

ojLjjLSJI {j-j> j-jJjJI 1-p.o j.)ilw.wJ (jjil (jSLol jJIj oLil J^-b ^J r)y>^ ~^>y> L^JaJj (jjJIj ixiUll 4Ja^l L^jLSjj 

. 4j_^>oJI OjLjI_jjj>JI Jill _.L.^I [eJjil e-liill JIoj ^lll 5jjUjJI »l_J^Jl i-sLi-j 

^Liiii j^jb (ji^ (iUij (I lyonassa absaleta) ^jji *jy ji» ^LjIas^ji <> jjj^i 4_jijji y^sii j jjvi^ 

dlljij 4.>ukll ^J>lj^!l j BJjIJJI ijj^uJI jljll (jj (_>aJ^jJI j LoU IjjJ t_w«Jj dlljj l ej3 iLx-aJI jil iftklo jij> j Jj^>_iil 

cjL<jL>jJI uA*j Jj->-w 4-*$^^ °- :l * jjjjlj diljij LAjJ (_5j-Ju«JI ojL»aJI -Lc (jiAXia JLoJl J^Li- Jjliji >a>o JjjJI (j'-V. J 6^ 

IjjJ-S LaAJ icJUj (ffjJI ^J-»J' °- ) -* ^i_M^ (C^ ■ i£ '~ u y Lm L^J (jLiji (_L&Pj chi^ 3 -" J! v*->J' dJiiwj Jjjjli CjUjLSJI BJJo *jjj*-j 

L»jj^a (jlj_jjJl (j_o <ull>J.I cjbjUi!>Lll &» L^jlii ^ic Ji«iSL>JJ (jjJaJl J jij>JL> j*jJ=JI o^v »iaj dLIiSjt ^jj^w^^I j 



jLki^ll pic. JjVI * JhJI 



£A 



jl a ul j»_jlc- /J o j£i« 



J_ojJl jl—oj J jlj_3jJl jjLU jj«*aJL!l jl_AJili (jJ-laJl <_)->-lj 0O>Jaj tjlSLoa s-ljjUl pajj Ujli JiLvJ I J jukll j^sLlo oLljiioa 
jj_Sl jL&pi ^Jl l_£j jJL>JI *jJsjLw_j 4jjJ>jJI j^Jp.IJ iLikJI jjSLUI Ujlu j^JawJI (jj ^JijjaII O'- 3 ^- 1 " cJ^ 4_>J-*jJJ »ji»u~«J 

. (JjJsJI J-»-lj <UJ-a£ jLaJI jA>o ^jJI OjLjIa3!>UI plfjJlj 




Sandpiper 



Softshel 
clam 



Razor c am 
{Mud flat) 



1 *JJ?* A ^ l "' lf ''J A T A ->l 

j J_»-aja >^>j j jj^-"^l >>oJI J^-Lw JiL ^Ift Lftljj ^lll diljS i_iajj»all >L>v>Si s- JaltwJI ^Ic ajjj 4_»j|aju«< jl jJaliil ^J 

jL>^-ii (jj k±jij t-y j->-_^j jj~."ii t_ijj^oii j(Knizopnor9 rri9nc|i6) jj^-^ii cjj^xiii jbo^i oi» ^ d^y j-*" 

jjj—* 4—1 Ji_>> jl i_3a>_>oal (jW ) a *»» 2 la Ja_< ill i_3av>ojl ijju 4j iyg-...'-i ^JLill «-u a j u^ Ja (jAjj 2l (_3a y^ojl aj& <_3j>_»«Jul 

<aJ_>Jl t_5 >_j (ji *jJ»Ju«<_J jJ->Jl JaJ-»- oica 4_}««<jiJL> jjj-* <<J u^jll ja>-i\ < 9a j->j-ll Lo I <GLL>~< i_jjL>o *jjW L*j_p 4_»««>jijj 

>L>wJii Jjljji (j'-^ wilJ-Sa L^JiLSjLij £>jj 4_>a«A*Jl jlill ;jj Jjjjdl jl_>vl>-lj aaJU .rjJU <_iaj-><Jll jl>v£3 4^jL2ul\ 4_u^a«Jl 

ojLjjLSJI 1-g-jJ.g (jj-ijj (^-"j p'j-fr" _j— ouJ Uj!>Lo LL^>j /-j^j ll» J^ LjjijJI Jj«jL (_P>^j 4 UI j hsL^xi ^>JI uij_y>HI 

jljib 4jjJ>oJI iluJl JjjJ ~jjaII j->oJI ^JJ Jyu jljil BJJb (jj JjljJl (jli dlliSj OjI>jL>voJI j cJla-a^l <jj 4jJj«jJI 4jj>u^jj 

. SjSljjUl 
J_lo s-la_«> J_>- (j-Lc <U_J> «"ila 4_<y>oJl CjUjISJI (jj JjJjJJ <L<jjJl SL^JJ [j&jula lay>- jxijC cJaj^all 4jlu (jl 4JLuL>Jl ^j 

5iLJ>)!Lj jjjjJl abdsJlj LL^Jlj (jj^' ^jj-^' ^h j J^J" 3 ic^'j iill>Jl dlLo--.^! j *ilyJlj jL>^Jlj cjULLj-JIj j^ajkll 
JUjJb dlL^^I l Js- Ujjl>- Jjju ^jjli* J51jJI (jj s-^LIjJJI 4jU->J 4_utuL _y»-ljj>^ Jjjo ui_a^»oil jL>^l u^ ^J /J! 



jLki^ll ^ JjVl ^JhJI 



£^ 



jl a ±& a^c ^ o j£i« 



CD La J— ifli sL_ ul (jn."— o." 3djj 4_>vla_~' 



<LS ,J_a*j <_3aj_><Jil >L>vJSl (jlj 5 v;.oJ I i _ il - o I a » II u^l^a l.^-i.u.' pa ^laj ill *_o 



iojUJl 



1 _ a . ^» I j » 1 1 




Sea horse 



Florida c V ster Barnacles 

crown 

conch 



Shore crab 



4_Akill 0J_» J j_Aj_*j ^jJI OjUljISJI jjjlii c!ijj> j!>U3"il ^JLft *ila->- 4_>jj>oJI OjLjjjJI jjtSl (jj 4_uL>jll i_iLu5JI 4JLu jJtl*3 

>— '— ;-•>• ■ (ji > vil '— '— ;.' v -o....'— ; j^uLj (JjIj J-**^ *— JJJ^u 4-i v>~«» Cjujuj , _A 4jjL>- J, I v_>LoJU. 4_>ljj>JI 4_t&l'JI ,jlaJ"^L> 

,J (jl_>j-LI (jjl— i (j^u-xj '— '— j-^ (ji > vil jja—SjJ a.a.'i.'ia »_'.',— -^ ^Lu>> _L£ (jl_>.ul Ai y> j^cuJj' LoJJlC (j a5."J L) v_)LoJI 0.1ft Ijju 

OU'Ju i_uJijJI (jj JjJ->- Jj->- JjJ 4~wLJa 4jjlaj <_5 JJI (^ uj»JI >J*>>JI (jj J..^i.'i,a j->^>- lftjl.il qa JjS J^ Jj->V. OjI >**J~w 
U^>j_C J..^— ; i±j_^>- -*-jl>JJa( <LLuJl j <w Y,0 Jla^-) ,J-*^> Jji*J (jL>jil !>LcL>- (Jjj^kII j^*c>Jl £>» SojJjj. 4Jub *J-^y. a 
«-J a l».<-.; 2 4— 'ifila ol—xll jjJa_~> Jl (jL>-jII <_L*2y ji l ^ J J- > " Xj^ f£ \ ' ' ' 0-° J^'j Lij£ f>t ' 0-° J^' «-jL«A!I JJiS^ (j^V 
k_iajj»-a JL*w V* O^J^ (5^"*" ^W '- -k** 3 "LulaJLiI 4juiJla 4jjlalw2l jJalail j 4_«jL>-jil k_il*^JI JJ»- 1 all) t Li I r\;L»- JjJJI 
(XcOZdllSclcj i—j-LaJa a_ajj 4j_~>llll cJajJalla 4jiL5Jl (j«<jA!l 4j«^ila oLil 5-liLsj lftjaj>a (j^lel JJJJJ >^-u^> s-Uju^I Jai- 
LJIjjuJ ,_L>-lj~> k_iji jrW^" Lr'^J^' j" : ?"' J> ^' J* fJLJI J i_ibtwJI iaJaJI jj5I JjJj 4_>JilSij iwaP J i_i-J_ajJI >u (j5j*j jjill 
fa_juj| )«_>-jja 4_aJjl>JII OjLjaLSJIa d)L_a~<"2l (j_o faj ^ « « (jj 4^1 4JL>ljj (jiojya JaJa a^ Y « « « ^Jla^- ^Jl Jjlsj i^JJ^- 



jLkj^ll ^ JjVl ^JhJI 



jl a ul j»_jlt (-i S j£i« 



j »i— 3 4jaS_a (jAxjJI I.^..A».iJ <U»^>!}Lo uu muj -jJla (jL^JJ <j-o fjj <j-o uisl £yo (ViS."." i—jlx^ul ij\ JJ >_jbt^JI 4jl»jJ Jl*JI 

(jl—^yilj »_'.',— -^.' I (jL>.>al LaA j.u« a ij (jjj««<J JJ (^J^ljil a- ^ JLua 4^iiAJj 4_j aj a ^a^^j JjjAjI 4.15l..?» 4j (jlifcj.l (jj foJ Jj 
( _ s — alxJl 4 o— .1 ^"-JiJl 6 J— 3 vJ- 3 — " 6^— ^-J^ 1 ^— •* Lg-g-....V. ■" JLJ\ «-!_> J^SlL <^>lj_il flj— SI a—l*>w ^o — i J (JJ_ Ul 

ju^i ^_^ o^jji &l^ij (D iploria labyrinthiformis) aui ^_^ &i_^ij (Acropora plamata) 
Uj^j u5 JtJ iuji « JjUgj ^ j^i ^ ^ij (Plexaura flexuosa) j^ji ;u,Uj (Goronia ventalina) 

CjIjjjj»JI ^1* (jliXil SJjjJaJI ( JaiJI ) Igjul iftklaj Jjjjj (JJJIj <LSljiJI 4iio..,.t Jlo 4jJ»ljJI dlUw^l IpS..,..." t_il>v£jl <jW 
■ c-tfi «-L*jdl 4-5'.o..,.f Lol k_jLxwJI d)la~>l { Js- <JJJ«JU LT^'i *4j^' O^"^' °IJ Ijj^ljUl 45lo~>j L-jbtiJI ~kw jji iHjSjJI 

. c-iutwJI ijj-^j (J^lj (jiojti dJLa~>jla Cjua^Jlj >^uJI »->^J (j^o-j.'^llj ((^u-a-*'-' I) (jWjLr'J (j'-V.-^'J 



Flatworm 



Triggerfish 



Shrimp 

Stinging coral 



Angelfish 



Sea fan 




Parrotfeh 
Shrimp ,--;. 
Sea stars • 



^Zoopiankton 
V\ «; Butterflyfish 







Stag horn coral Sea urchin 



Sheet coral Crab 



Brain coral Elkhorn coral 



^jiufc'J.I k_jLx<iJl 4jjj OjudLSj (_>tX)l..^'.V aj&l LhWi £ 1 — \ (JS.'.'1'i 



LjajJI »L>S(I (JlSJI «3*JI ail ^jL <lJjj Jj^l ijj»JI j-^juI 



■1 L* all (Jc JjVI * jaJ 



o\ 



jl a ul j»_jlt (-i Sj£a« 



